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ABSTRACT 
  The functional decline in older adult populations following hospitalization is a growing 
public health concern given the expected rise in the older adult population and the associated 
resources needed for their care. Nearly 20% of all hospitalized older adults are discharged to 
skilled nursing facilities (SNFs) to address these functional deficits. However, rehabilitation in 
SNFs may not adequately restore physical function, which may contribute to more healthcare 
costs, greater rates of institutionalization, and higher risk for hospital readmission. To begin 
advancing clinical practices of rehabilitation therapists and other healthcare disciplines in SNFs, 
clinical research is greatly needed. Research in similar older adult populations has shown the 
use of high-intensity interventions generates more rapid and sustained improvements in 
physical function compared to interventions dosed at a low physiologic intensity. Despite the 
strong evidence that supports use of high-intensity interventions with older adults, the 
application has not been determined for effectiveness in patients residing in a SNF or trialed in a 
real-world SNF setting. This thesis will provide the foundation for future, large-scale clinical trials 
in SNFs by identifying strategies to successfully conduct research in SNFs, determining 
predictors of functional change in the SNF population, assessing the feasibility of delivering 
high-intensity interventions in the SNF, and evaluating the implementation process. The work 
and research generated from this thesis has tremendous potential to provide a framework to 
shift current rehabilitation practices in SNFs by providing evidence for the effectiveness of this 
novel approach to improve physical function in SNF patients and offering insights on feasibility 
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  For many older adults, a skilled nursing facility (SNF) stay is required to address the 
functional deficits stemming from hospitalization. Considerable evidence exists for hospital-
associated deconditioning1,2 including rapid loss of muscle mass and strength3-7 that contribute 
to slower gait speed8-10 and difficulty performing activities of daily living.11-14 Therefore, it is not 
surprising that older adults who are hospitalized are 60 times more likely to develop disability 
than those who are not.15 Effective rehabilitation strategies have the strong potential to improve 
care to better facilitate the transition from hospital to home. Unfortunately, according to large 
data sets, current SNF rehabilitation does not appear to adequately address deficits in physical 
function,16,17 which directly contributes to poor physical function outcomes and subsequently low 
community discharge rates of 39%.16 While many factors play a role in the need for 
institutionalization (e.g., psychosocial or environmental), community discharge is highly 
correlated with functional status.18 In fact, impaired physical function is among the most 
important predictor of institutionalization after SNF discharge.18,19 For patients who discharge to 
home, they are often discharged at functional levels that do not support home or community 
independence. Notably, gait speeds at SNF discharge averaged 0.39 meters/second,20 which is 
less than half of the 1.0 m/s necessary for community ambulation.21  The alarmingly low levels 
of physical function at discharge can lead to failing health,22-24 re-hospitalization,23,24 or death.25  
  Inadequate recovery of function under usual rehabilitation care suggests a significant 
gap between evidence-based practices and actual practice, evoking a strong need for a culture 
change to revolutionize SNF rehabilitation. Current rehabilitation paradigms dose the “intensity” 
of interventions based on standardized minutes of therapy per week, as opposed to the 
physiologic tissue overload prescribed. Evidence suggests patients in rehabilitation settings are 
~80% less active compared to community-dwelling, older adults and, when active, do not 
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engage in an adequate intensity of interventions to facilitate meaningful improvements in 
physical function.26-28 Rehabilitation interventions dosed at high-intensity provide the adequate 
musculoskeletal and cardiopulmonary overload to induce the physiological adaptions that 
translate to improved function.29,30 Research on community-dwelling older adults and those in 
long-term care has consistently shown that high-intensity rehabilitation interventions effectively 
increase strength, in addition to preventing cognitive decline, enhancing ability and 
independence to complete activities of daily living (ADLs), and improve physical function.31-35  
  Transforming rehabilitation approaches in SNF care is becoming increasingly important 
in the era of post-acute care reform, which seeks to provide the highest-quality care at reduced 
cost.36,37 SNF rehabilitation has already seen significant cuts to length of stays and number of 
therapy minutes with the onset of bundled payments and the increased use of Medicare 
Advantage Plans.38-41 For SNF therapist jobs to be valued and sustained, efforts must be made 
to revolutionize practices to be more effective in less time. Integrating high-intensity dosing into 
SNF rehabilitation approaches has the potential to be more effective in less time given that high-
intensity exercise alone not only impacts strength but also cognition, ADL performance, and 
measures of physical function, regardless of whether those domains were specifically trained.31-
33,35  
  This dissertation work has tremendous potential to provide a framework to shift current 
rehabilitation practices in SNFs by providing evidence for the effectiveness of high-intensity SNF 
rehabilitation to improve physical function and evaluating the implementation to refine the 
intervention for future multi-site trials. Thus, the purpose of the thesis presented is to 1) identify 
key barriers and solutions to conducting research initiatives in the SNF setting, 2) characterize 
the SNF patient population and determine predictors of functional change, 3) assess the 
feasibility and effectiveness of implementing high-intensity interventions in the SNF setting, and 




ADVANCING INNOVATION IN SKILLED NURSING FACILITIES THROUGH ACADEMIC 
COLLABORATIONS1 
Introduction 
For many older adults following hospitalization, a skilled nursing facility (SNF) stay 
provides short-term rehabilitation and medical services to address the functional deficits 
stemming from hospitalization.1-4 Considerable evidence exists for hospital-associated 
deconditioning in older adults,5,6 which contributes to reduced physical performance7-9 and 
difficulty performing activities of daily living upon discharge from the hospital.10-13 Moreover, 
older adults who are hospitalized are 60 times more likely to develop disability than those who 
are not.14 Numerous studies have documented that recovery of function during a SNF stay is 
inadequate under usual care15-29 and is likely a major reason that 63% of SNF patients do not 
discharge back to a community setting.30 Similarly, for patients who are able to return home 
from a SNF, low levels of physical function and medical complexity often persist as poorly 
addressed portents of failing health,31-33 re-hospitalization,32,33 or death.34 The 2017 Medicare 
Payment Advisory Commission reported no change in functional outcomes as measured by a 
patient’s ability to perform bed mobility, transfers, and ambulation.35 The poor outcomes 
described continue to occur despite the fact that Medicare spending in post-acute care is rapidly 
outpacing all other health care costs, which places rehabilitation services under considerable 
scrutiny.35-37 Specifically in SNFs, annual expenditures comprise 50% of the $60 billion US 
allotted to post-acute care.30,36,35 The discrepancy between high levels of spending in SNFs and 
                                                          
1This chapter is re-republished with permission from Gustavson AM, Boxer RS, Nordon-Craft A, 
Marcus RL, Stevens-Lapsley JE. Advancing innovation in skilled nursing facilities through 
research collaborations (2018). Physical Therapy Journal of Policy, Administration, and 
Leadership. 18(3); 5-16. 
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suboptimal outcomes35,38,39 strongly suggests the need for innovative clinical research designed 
to advance models of care delivery and assert the value of SNF rehabilitation therapists.  
The call for innovation in SNF rehabilitation comes at a critical time when post-acute 
health care reform is causing potential shifts in hospital discharge patterns away from SNFs 
towards less costly home health or outpatient services.40-43 This shift has created an impetus for 
SNFs to differentiate themselves in the market place by affirming their value in producing 
optimal patient outcomes at reduced cost.44,45,46  Other post-acute venues, including home 
health and outpatient clinics, traditionally had greater incentive to innovate and seek academic 
partners compared to SNFs, due to dependence on referrals to drive patient volume. A patient’s 
choice of SNF tends to be dictated by geographical area47 or the patient’s Medicare Advantage 
plan of in-network SNF providers,48 rather than recommendations about, and evidence to the 
quality of care provided at, a particular SNF. Thus, for many years, SNFs have not relied as 
extensively on referrals or needed to demonstrate and report a high level of value-based care.  
More recently, innovations aimed at improving SNF care and outcomes are increasingly 
necessary for marketability. First, the rise in Medicare Advantage enrollees has triggered the 
need for SNFs to contract with payers to establish themselves as in-network providers.48 
Second, current policy changes and penalties are now holding SNFs accountable for 
readmissions (i.e., Protecting Access to Medicare Act of 2014 [PAMA]),49 which threatens to 
reduce SNF revenue. Finally, the onset of bundled payments across the spectrum of post-acute 
care, which proposes shared risk and potential cost-savings, has shifted how SNFs market 
themselves to hospitals seeking preferred post-acute providers who demonstrate quality 
outcomes and reduced hospital readmissions.50-52 Thus, SNFs that demonstrate improved care 
quality and outcomes at lesser cost will likely attract a greater share of the market through 
increased Medicare Advantage plan contracts48 and larger visibility as preferred providers for 
hospital systems.50,53  
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Clinical researchers in academic settings are also tasked with differentiating their 
research in the face of reduced funding for research initiatives.54 Additionally, clinical 
researchers are under increased pressure from funders and publishers to include 
stakeholders—who are important but may lack formal research knowledge--on the research 
team. Finally, clinical researchers tend to experience a limited capacity to effectively and timely 
translate research into practice.55,56 An academic collaboration between clinical researchers and 
SNFs may provide innovative solutions to ongoing threats to the sustainability of SNFs and 
provide clinical researchers a vehicle to rapidly implement research directly in the SNF for faster 
translation to patient outcomes.  
Broadly, health care innovation can be described as the implementation of a new 
approach, service, process, or product designed to improve quality of care at a lesser cost.57 
Thus, innovation encompasses quality improvement initiatives in addition to the development of 
new products or services.58-60 Innovation in SNF rehabilitation has the potential to take on many 
different forms that leverage relationships between clinical researchers and SNFs. The purpose 
of this clinical commentary is to identify and summarize modifiable barriers to SNF rehabilitation 
innovation at the management, staff, patient, and researcher levels. While many of the barriers 
appear intuitive, the unique challenges within the SNF culture61 impedes implementation of 
innovative care models in SNF rehabilitation and may account for the paucity of evidence 
related to the value of rehabilitation in this costly, post-acute setting. Importantly, this clinical 
commentary outlines potential solutions to creating a culture of innovation in SNFs through 
formally establishing academic-SNF collaborations.  
Barriers to Innovation in SNFs 
Management-Level Factors 
Barriers to innovation at the management level in a SNF include an unpredictable 
workforce within leadership positions and discordant priorities between short-term revenue 
6 
 
generating activities and long-term sustainability of SNFs through innovative approaches to 
care. Rehabilitation innovation in the SNF is hindered by variability and frequent turnover in 
organizational leadership.62,63 This creates difficulty identifying the facility decision-maker who 
can approve or reject innovative initiatives and provide leadership support for the duration of the 
project.  The authors’ experiences in SNFs suggest the decision-maker on the local level ranges 
from the medical director to facility administrator, executive director, or vice president of clinical 
care programming, but permissions may also be required from the corporate headquarters. 
Since local leadership must advocate and receive approval at corporate and national levels, 
obtaining such approval can be a significant challenge. Furthermore, long-term care nursing 
home literature has suggested a high-turnover of administrative staff impacts the delivery of 
quality care and, thus, potentially the adoption of innovative models of care.62,64 
Corporate or facility management policies that emphasize productivity create 
disincentives to adopting or developing innovative rehabilitation approaches.65 For example, a 
rehabilitation therapist’s productivity is typically based on the number of minutes providing 
billable patient care per day compared to the total number of minutes the therapist is at the 
facility. Thus, therapists in SNFs are paid a collective sum of money to achieve a certain 
number of billable treatment minutes per week.30,66  Work-time spent on new initiatives such as 
clinical research is often non-billable time, which potentially reduces incentive for innovation.  
Staff-Level Factors 
A few key staff-level barriers to rehabilitation innovation in SNFs include the high stress 
environment, assumptions and perceptions of risk versus benefit to applying advanced models 
of rehabilitation practice, and communication barriers. Staffing shortages and high rates of staff 
turnover are pervasive in SNFs and long-term care settings across multiple discplines,67 both of 
which can be linked to work stress and burn-out.68,69 Studies conducted in hospital and long 
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term care environments indicate that emotional exhaustion and work stress negatively impact 
research utilization, which may undermine opportunities for innovation.70,71  
A risk-averse culture in SNFs72 may foster concerns about safety (e.g., falls, further 
decline in function) or decreased patient satisfaction, which may further limit application of 
innovative rehabilitation strategies.  Falls are a particular concern given the increased health 
care utilization and costs of care associated with a fall in the SNF.73 From a SNF facility and 
rehabilitation therapist perspective, the perceived risk of falls may outweigh the risk of 
implementing innovative models of care.74  
Poor communication or the lack of open communication can result in poor quality of care 
in skilled and long term care settings.75-80 The SNF environment is multi-disciplinary and 
dynamic, which can lead to difficulty communicating between the right persons at the right time. 
Many SNFs operate with two electronic medical record (EMR) systems: one for the medical 
team (e.g., nursing, physicians) and one for rehabilitation therapists. Nursing and rehabilitation 
therapist care practices can be siloed within a facility, which may contribute to potential gaps in 
communication, poor care delivery, and compromised patient safety. These communication 
barriers limit a facility’s ability to adopt innovative, interdisciplinary practices that often require 
complex coordination of information to inform patient care delivery.  
Patient-Level Factors  
Patient-level barriers to innovation in SNF rehabilitation have not been directly 
studied.81,82 However, based on literature extrapolated from similar patient populations and the 
authors’ experience, a significant barrier to successful delivery of innovative rehabilitation 
strategies is lack of patient engagement, which may be further complicated by transient or 
permanent cognitive impairment.  Nursing home literature suggests patient motivation to 
participate in treatments, such as physical therapy, is linearly correlated to patient perceptions 
of and satisfaction with support from peers, family, and staff.83 During a time of crisis after 
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hospitalization, patients find themselves outside of their familiar support system and further 
isolated by the institutional culture of SNFs.84 A related issue is the cognitive dysfunction that 
may have developed during an acute hospitalization or may be a long term organic problem. In 
addition to influencing patient engagement, changes in cognitive status can present challenges 
to offering informed consent to clinical research or providing education on why an innovative 
practice will benefit the patient.85,86 The ethical obligation to honor a patient’s autonomy under 
these circumstances means SNFs may be unable to fully implement a research protocol 
designed to evaluate an innovative model of care.     
Researcher-Level Factors 
Clinical researchers also face challenges to implementing innovative initiatives in SNFs 
including delays in patient recruitment,87 limited personnel who are skilled healthcare clinicians 
to carry out the interventions, and the lack of networks to more efficiently translate evidence into 
practice. First, delays in patient recruitment often occur due to limited availability, access to 
potential recruits and the above-mentioned challenges with informed consent. Clinical research 
trials that do not achieve targeted recruitment goals have grave implications regarding the 
relevance and validity of results.88,89 Additionally, delays in recruitment can detrimentally impact 
funding by prolonging the trial beyond the funding period or from retraction of funding by the 
funder due to failure to reach enrollment targets. Second, clinical research trials often 
necessitate clinical expertise and skills to most effectively implement an intervention or 
approach, which the clinical research team does not always have the bandwidth or resources to 
provide. Finally, clinical researchers want effective interventions to advance SNF innovation 
through rapid integration of evidence into current practice. However, uptake in practice can take 
upwards of seventeen years due to the lack of networks, resources, and knowledge of clinical 




Establishing Academic-SNF Collaborations 
For establishment of academic-SNF research collaborations, research in similar settings 
recommends engaging stakeholders at all levels including clinical researchers, clinical 
leadership and management, staff, and patients.60,90-94 The previous sections outlined modifiable 
barriers to rehabilitation innovation in the SNF at each stakeholder level, and the following 
section will link each barrier to a solution provided by an academic-SNF collaboration (Figure 1).  
Management-Level Solutions 
Robust leadership engagement and support is important for successful implementation 
of clinical research initiatives,95,96 particularly in unpredictable environments that are fraught by 
high staff turnover and frequent ownership changes.97  While establishing a collaboration can be 
an intimidating task due to the difficulty navigating the SNF management structure, a joint 
venture has a high likelihood of benefiting both academic and SNF participants.60,65 At the 
management level, successful engagement can be achieved by aligning SNF and academic 
collaborators’ respective missions and goals to foster a synergistic relationship while promoting 
the collaboration as a differentiator in the marketplace.60 Innovative models of care may 
facilitate acquiring Medicare Advantage plan contracts and recommendations as hospital-
preferred SNF providers.  
A potential strategy to spur interest and engagement between academic clinical 
researchers and SNFs is to propose solutions and innovative models of care that better prepare 
facilities for imminent legislative changes including bundled payment initiatives (e.g., Bundled 
Payments for Care Improvement [BPCI] and the Comprehensive Care for Joint Replacement 
Model [CJR]), penalties for potentially avoidable rehospitalizations (PAMA), and new quality 
reporting guidelines (Improving Medicare Post-Acute Transformation Act of 2014 [IMPACT]). 
These legislative vehicles provide opportunities for new health care delivery arrangements that 
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include SNFs (e.g., accountable care organizations), but also threaten long term sustainability 
through penalties for poor quality of care (Table 1).  
Finally, academic institutions with professional therapy education programs also can 
benefit from a collaborative arrangement that provides an opportunity to influence the number 
and quality of internships available for their students at the SNF. 
Staff-Level Solutions 
At the staff level, academic-SNF collaborations engage rehabilitation therapists by 
creating clinical champions, reducing staff burden, and providing shared resources.96,98 In a 
collaboration, rehabilitation therapists can provide clinical researchers insight into clinical 
processes and the best methods to successfully integrate research procedures into daily 
practice to reduce stress and minimize the impact on productivity. Meanwhile, clinical 
researchers can develop or implement training materials, provide oversight of applied clinical 
research, and analyze workflow processes to maximize efficient communication and 
documentation.  
To streamline this process of incorporating innovation into practice, clinical champions 
may be identified to serve as liaisons between clinical researchers and clinicians, while also 
engaging in on-site problem solving tailored to the individual SNF. On-site clinical champions, in 
partnership with clinical researchers, can provide support for the application of current evidence 
into clinical practice to alleviate concerns with safety, thus minimizing the perceived risk versus 
benefit of applying innovative models of rehabilitation. The responsibilities of clinical champions 
are ideally integrated into their routine tasks to minimize additional burden. Conversely, clinical 
researchers can provide the SNF with paid, external research staff to decrease the amount of 
burden on facility staff by taking over all aspects of the clinical research project. Clinical 
research staff implement all or some aspects of the project, thereby eliminating concerns about 
staff time constraints and variations in knowledge and skills. Use of external academic support 
11 
 
has been successfully utilized in SNFs, because it drastically reduces the work burden on 
facility staff while allowing innovation to take place in a real-world setting.99,100  
Sharing resources is essential to sustaining a collaboration by furthering engaging 
rehabilitation therapists. Clinicians often value research endeavors as a way to advance 
practice, but cite lack of resources and inadequate knowledge of research skills (e.g., study 
design and statistical analysis) to pursue research independently.101-104 The transition from 
research in traditional laboratory settings into clinical settings provides a tremendous 
opportunity to advance practices by rapidly integrating evidence and innovation into current 
rehabilitation practice. In addition, clinical researchers may provide the SNF facility access to 
large databases and journals, as well as professional connections, to assist rehabilitation 
therapists in staying up to date on evidence-based practice and prompt ideas for further 
innovation.105  Additionally clinical research can improve the quality of care delivered, which may 
in turn lead to greater staff-retention and higher work-satisfaction.106-109 By sharing resources 
between SNFs and academics, a collaboration has the tremendous potential to advance 
rehabilitation innovation in SNFs to promote therapist value in post-acute care.  
Patient-Level Solutions 
At the patient level, engagement can be achieved through the development of patient-
led advisory boards and integration of evidence-based strategies to increase patient 
engagement in their own care. Patient engagement has become an increasingly important 
element to ensuring innovative care models reflect patients’ needs, expectations, and 
perspectives, but does require extra time and resources to develop.110,111 An academic-SNF 
collaboration may have the collective resources to quickly develop and integrate evidence-
based strategies to improve patient engagement in rehabilitation and subsequently increase the 
likelihood for success with the implementation of innovative care models.  
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Despite the complexity of the SNF environment, patient engagement through focus 
group discussions has been successfully accomplished in similar patient populations (i.e., long-
term care residents) by groups such as Plane Tree. 112113 Researchers may have a larger 
bandwidth to conduct assessments of patient engagement that will inform innovative 
approaches that foster patient-relevant outcomes. In light of this approach, the authors’ team 
has recently initiated a stakeholder advisory board for long-term care and SNFs that consists of 
administrators, facility staff including rehabilitation therapists, and patient or family 
representatives (unpublished work from Rebecca S. Boxer).47,113 The group was first exposed to 
introductory material on the research process and asked to participate in moderated discussions 
to identify key issues regarding research and safety of human subjects in long-term care 
facilities and SNF. The program has continued to grow with researcher and community 
clinicians comprising a steering committee that oversees the patient stakeholder advisory board. 
The board predominantly advises collaborations between clinical researchers and long-term 
care facilities, particularly on issues of informed consent, privacy, and research priorities. The 
advisory board is an effort to promote inter-professional communication that includes the patient 
in a shared-decision making model.   
Researcher-Level Solutions 
Researcher-level solutions include establishing a network of community SNFs and 
developing an infrastructure to facilitate a synergistic relationship between academic clinical 
researchers and SNFs. While clinical researchers have the skills to develop a study designed to 
answer clinical questions, they also need appropriate clinical settings and engaged providers to 
accomplish aligned goals for improved patient care.  
At the University of Colorado, the Post-Acute Care Research and Team Science group 
was founded to troubleshoot issues related to conducting research in SNFs, home health care 
and long-term care settings. The group aims to create a practice-based research network to 
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connect clinical researchers from a variety of disciplines with community-based post-acute and 
long-term care settings. The infrastructure of the group is still being developed with the desire to 
increase interest in post-acute care research across academic environments as well as industry 
to create a large, collaborative network of clinical researchers and post-acute care companies. 
The objectives include creating a formal framework to connect clinical researchers with post-
acute care companies, identifying resources needed for a successful collaboration (e.g., time, 
funding, data sharing, patient protection), and navigating partnership priorities (e.g., data rights 
and usage, ownership of results, tangible outcomes). Access to networks of facilities and an 
infrastructure to collaborate between academia and clinical settings creates an opportunity for 
increased patient recruitment and wider availability of skilled clinicians who can potentially refine 
and implement research initiatives.  
Additionally, academic-SNF solutions may foster rapid translation of research into 
practice as research occurs concurrently in the context of the real-world setting. Observations 
of, and feedback from, clinical staff involved in a study can inform how researchers apply their 
methods so that they will be acceptable, appropriate, and feasible in the SNF.  
Innovation with Academic-SNF Partnerships: the Final Frontier 
Academic-SNF collaborations are innovative in themselves as they create a different 
business model that promotes bi-directional integration of ideas and resources between SNFs 
and academia-based clinical researchers. Resources can include personnel time (capital) for 
data entry and analysis, providing training and ongoing problem-solving, and executing 
interventions or process flow changes. A synergistic and supportive collaboration means that 
SNFs and smaller academic institutions can engage in collaborations without the need for 
extensive external funding, which broadens the number of innovative initiatives that could be 
pursued in SNF rehabilitation. Integration of resources will involve developing infrastructures 
between SNFs and clinical researchers for data sharing and ownership; patient protections 
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regarding privacy and consent; and creating an organizational culture that adopts and maintains 
a commitment to application of evidence-based clinical practices to improve patient outcomes.  
Successful collaborations between clinical researchers and SNFs has the potential to evoke 
innovative approaches to delivering quality care at low cost, across rehabilitation and inter-
professional practices. 
Technological advances including the ability to teleconference and increased access to 
distance-based learning platforms will allow these collaborations to grow outside of single 
geographical locations to create and connect networks of SNFs and clinical researchers across 
the country. Overall, collaborations may incite faster adoption and dissemination of evidence-
based practice compared to a traditional, randomized-controlled trial, which typically excludes 
medically-complex populations often seen in the SNF setting.114 Collaborations can create a 
synergistic relationship where SNFs provide the patients and data, while clinical researchers 
provide the systematic rigor needed to evaluate and modify the effectiveness of innovative 
approaches to care.  
Conclusion 
The steady state of poor outcomes in SNFs may be perpetuated by the lack of 
rehabilitation innovation in this unique post-acute care setting. Thus, a significant gap in 
knowledge exists between the effectiveness of current SNF rehabilitation practices and 
subsequent efforts to advance clinical practice through innovative models of care. Current 
barriers to rehabilitation innovation in SNFs include engagement at the management, staff, 
patient, and researcher levels. To advance rehabilitation practices in SNFs, this clinical 
commentary summarized evidence from similar health care settings to provide a framework to 
address solutions to modifiable barriers to innovation through academic-SNF collaborations.  
Innovation in the SNF through academic collaborations has the strong potential to improve 
patient outcomes and assert the value of rehabilitation in post-acute care reform. Further 
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qualitative and quantitative research is needed to assess the implementation and adoption of 





Figure 1.  Modifiable barriers to innovation in the SNF and solutions through an academic-SNF 












PREDICTORS OF FUNCTIONAL CHANGE IN A SKILLED NURSING FACILITY 
POPULATION2 
Introduction 
For many older adults, a skilled nursing facility (SNF) stay is required to address 
functional deficits following hospitalization. Considerable evidence exists for hospital-associated 
deconditioning1 including rapid loss of muscle mass and strength2 that contribute to slower gait 
speed3 and difficulty performing activities of daily living (ADLs).4,5 In fact, older adults who are 
hospitalized are 60 times more likely to develop disability over time than those who are not.6 
Unfortunately, current SNF practices across multiple disciplines do not adequately address 
deficits in function,7,8 which may directly contribute to low community discharge rates of 37%.9 
While many factors play a role in the need for institutionalization (e.g., psychosocial, 
environmental), the low percentage of community discharge from the SNF is highly correlated 
with inability to regain sufficient function at discharge.10 Similarly, for those patients who return 
home from a SNF, poor trajectories of functional recovery can adversely increase risk of re-
hospitalization11 or death.12,13 However, the functional profiles of patients in the SNF at 
evaluation and, perhaps more importantly, at discharge has not been shown. Thus a gap exists 
between our knowledge of the capacity for patients in the SNF to sufficiently change in 
functional status to a level that potentially reduces risk for hospitalization,14 death,13,15 or future 
disability,16 and the most responsive, targeted interventions to improve the trajectory of 
functional recovery following a SNF stay.  The purpose of this study was to identify predictors of 
                                                          
2This chapter is re-published with permission from Gustavson AM, Falvey JR, Forster JE, 
Stevens-Lapsley JE. Predictors of functional change in a skilled nursing facility population 






functional change from evaluation to discharge in SNF residents. Recognizing drivers and 
predictors of functional change and trajectory during the vulnerable post-acute phase will 
identify potential targets for future intervention that induce adequate responsiveness to 
functional change.  
Methods 
Data were collected prospectively from a single SNF in the Denver Metro area from 
January, 2015, until March, 2016. Data were included if the patient received physical therapy 
services. SNFs are required to assess and report resident’s physical, mental status, clinical 
conditions, current and changes in functional status, as well as preferences for care through 
collection of the Minimum Data Set (MDS Version 3.0). For residents in a SNF, MDS data were 
gathered at admission to the SNF, throughout the stay, and at discharge from skilled services.17 
Demographic and clinical data were collected from the MDS, nursing electronic medical records 
(EMR), and rehabilitation EMR.  
Demographics and Clinical Characteristics 
Demographic and clinical data collected included age, sex, body mass index (BMI), 
hospital length of stay (LOS) in days, SNF LOS in days, fall history in the past month, fall history 
with a fracture in the past 6 months, total therapy minutes, pain as it impacts daily activities, 
pain as it impacts sleep, the presence of malnutrition, a diagnosis of dementia, and admitting 
diagnoses (variables extracted from the MDS are outlined in Table 1). The Functional 
Comorbidity Index (FCI) was extracted from diagnoses indicated in the MDS and calculated 
(Table 2). The FCI counts the number of diagnoses that are associated with physical function.18 
The Brief Interview for Mental Status (BIMS) was calculated and indicates 3levels of cognitive 
status: 0-7 points indicates severe cognitive impairment, 8-12 moderate cognitive impairment, 
and 13-15 suggests the patient is cognitively intact.19 The BIMS consists of 7 questions 
pertaining to recall, temporal orientation, and attention.19 The Patient Health Questionnaire 
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(PHQ-9©) Screening Tool for Depression assessed the frequency of items which then indicates 
the severity of depressive symptoms.20 The Braden Scale for Predicting Pressure Sore Risk 
screens and risk-stratifies patients in terms of potential to develop pressure wounds.21 The scale 
is composed of 6 subscales including sensory perception, skin moisture, activity, mobility, 
nutritional status, and friction and shear.21 The Barthel ADL Index (BI) assesses a patient’s 
ability to perform basic ADL tasks such as bowels and bladder control, grooming, toilet use, 
feeding, transfers, mobility, dressing, stairs, and bathing.22 The BI is considered predicative of 
functional recovery and mortality.23 The BI was extracted from the MDS using the mapping 
technique provided by Wojtusiak et al., though modified to the MDS Version 3.0 (Table 3).24 
Admitting diagnoses were classified as a Medicare priority included: joint arthroplasty, 
pneumonia, congestive heart failure, chronic obstructive pulmonary disease, hip fracture, 
cerebral vascular disease, and myocardial infarction. Medicare priority diagnoses have been 
shown to place patients at significantly increased risk for rehospitalization and are targeted by 
Medicare as areas of high healthcare costs.25 
Functional Outcome Measures 
The Short Physical Performance Battery (SPPB) was administered by rehabilitation 
therapists at evaluation and discharge. The SPPB is a well-accepted global measure of lower 
extremity function consisting of three sections: static balance assessment, gait speed, and a 5-
time sit-to-stand test.16,26 Each section is scored on an ordinal 0-4 scale with scores ranging 
from 0 to 12, where a higher score indicates greater functional ability.16,26 SPPB scores are 
strong predictors of disability, institutionalization, and morbidity in older adults. Additionally the 
SPPB demonstrates good sensitivity to change.27 The SPPB is reliable based on intra class 
correlation coefficients (ICC) >0.97 across 3 raters in the SNF and a research team member. 
Gait speed has also been shown to independently predict risk of disability, higher health care 
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utilization, and increased mortality.28 Gait speed was measured by the time, using a stopwatch 
to measure to the nearest hundredth of a second, it took to walk a 4-meter path. 
Statistical Analyses 
Descriptive statistics were calculated on demographic, clinical, and function variables. 
The response variable in the linear regression model was the changes in either SPPB or gait 
speed, controlling for sex, age, and respective functional scores at evaluation. Explanatory 
variables of interest included: comorbidities (FCI),18 cognition (BIMS),29 depression (PHQ-
9©),30,31 BI (subjective ADL report),32, Braden Score,21 dementia diagnosis, malnutrition 
diagnosis,33 Medicare priority diagnoses (coded as the patient having one or not),25 pain that 
impacts sleep or activity,34,35 falls history in the past month,36,37 falls history with fracture,36,38 
SNF LOS, hospital LOS, total therapy minutes (physical, occupational, and speech therapy), 
and BMI.36 These potential predictors have been thought to impact physical function and ADLs 
in older adults (as referenced above) and are potentially modifiable risk-factors for poor 
functional recovery. To determine which predictors were significant contributors to change in 
function from evaluation to discharge, each predictor of interest was entered into the initial 
model separately, while controlling for age, sex, and functional score at evaluation. If the 
predictor was significant at the p<0.10 level, then the variable was included in the final model. A 
similar process for analysis was used in logistic regression to determine predictors of severe 
disability at discharge (SPPB≤ 6 points)16 and slow gait speed at discharge (<0.65 m/s).39 All 
analyses were run in SAS 9.3, SAS Inc., Cary, NC. A two-sided p-value of 0.05 was designated 
for statistical significance in the final models. 
Results 
Demographic, Clinical, and Functional Characteristics 
Data were collected on 158 patients admitted from the hospital. For subjects with 
multiple admissions (N=16 had two admissions and N=2 had three admissions), only the 
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earliest admission for which there was both an evaluation and discharge SPPB score were kept. 
This resulted in a sample of N=140 subjects. Demographic and clinical data are presented in 
Table 1. The patient population was largely female (68%) with a mean age of 78.5 (10.0) years. 
On average patients were classified as minimally depressed (3.0 (2.9) on the PHQ-9© with 99% 
categorized as having minimal or mild depression with scores ≤10), cognitively intact (13.2 (2.5) 
on the BIMS) with only 8% of the population having a diagnosis of dementia, low risk for 
pressure ulcers (17.9 (2.3) on the Braden Score), minimal functional comorbidities (1.4 (1.4) on 
FCI), and moderate ADL limitation (47.5 (19.7) on the BI). Admitting diagnoses that were 
considered Medicare priorities constituted 34% of the population with the majority being 
admitted following a joint arthroplasty (57%). Falls in the past month occurred in 49% of the 
population with 16% of the population experiencing a fall with a fracture in the past 6 months. 
Pain impacted the sleep or activity of 47% of patients. At discharge 11.4% of patients were re-
admitted to the hospital with 86% returning to community settings (i.e., home or assisted living) 
and <1% to institutional settings (i.e., long-term care).  
Functional data are presented in Table 2. At evaluation patients demonstrated 2.5 (2.2) 
points on the SPPB and 0.4 (0.2) m/s on gait speed. Average scores on the SPPB and gait 
speed improved at discharge to 5.4 (2.5) points and 0.6 (0.2) m/s, respectively. The average 
change from evaluation to discharge on the SPPB was 2.8 (2.2) points and 0.2 (0.2) m/s for gait 
speed. A majority of patients (87%) achieved a clinically meaningful change in the SPPB of ≥1 
point40 from evaluation to discharge, with 78% demonstrating a clinically meaningful change of 
≥0.1 m/s on gait speed.40 However, 69% patients demonstrated SPPB scores indicative of 
severe disability (≤6 points)16 with 57% ambulating at slow gait speeds (<0.65 m/s)39 at the time 




Statistical Modeling and Predictors 
For the models of change in SPPB (Table 3), severe disability (Table 5), and slow gait 
speed (Table 6), none of the variables met the a priori criterion for inclusion in a final model and 
as such, there was no final model. For the model of change in gait speed (discharge minus 
initial evaluation), the final model included only the PHQ-9© (p=0.04) (Table 4).  Controlling for 
age and gender, for each one-point increase on the PHQ-9©, there was a 0.02 decrease in gait 
speed change (β=-0.02 [0.01]). The overall model was significant (p0.003) and had an adjusted 
R2=0.19.  
Discussion 
The predictor variables assessed in this study have been shown to impact functional 
recovery in other older adult populations. However, we found that no single predictor 
significantly contributed to functional recovery in the SNF population.  On the other hand, a 
significant finding was the level of disability patients present with at discharge from the SNF. 
Over 86% of patients were discharged to community settings and, ideally, should have 
demonstrated at or near functional capacity to adapt and re-integrate into community settings. 
The proportion discharged to the community is much larger than Medicare reports of 37%, 
although large variation across the United States may account for the significantly lower 
nationwide average.9 However despite the high percentage of community discharges, 72% of 
patients demonstrated SPPB scores indicative of severe disability (≤6 points)16 with 64% 
demonstrating slow gait speeds (<0.65 m/s)39 at the time of discharge from the SNF. Acceptable 
levels of function for community-dwelling older adults include SPPB score of 10 and a gait 
speed of 1.0 m/s.26,39 Lenze et al. demonstrated similar deficits in gait speed at SNF discharge 
as patients averaged 0.39 meters/second,41 which is less than half of the 1.0 m/s necessary for 
community ambulation.39 The low level of function demonstrated by patients in the SNF at 
discharge, in conjunction with the high rate of community discharge, is concerning given the 
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inverse relationship between physical function and adverse events including increased 
healthcare costs and utilization,42-45 hospital readmissions,46 and long-term disability,16,42-45,47,48 
all of which can potentially lead to costly institutionalization.45  These results suggest the strong 
need to transform rehabilitation and interdisciplinary practices to emphasize and support optimal 
return of function during and after a SNF stay. 
Our findings reflect that for every point increase on the PHQ-9© (i.e., increased 
frequency of depressive symptoms), the change in gait speed was lessened by 0.02 seconds. 
Every 5 points lower a patient scores on PHQ-9© is associated with a 0.1 m/s on the change in 
gait speed, which is a clinically meaningful change in gait speed40  that potentially reduces risk 
for rehospitalization,14 functional decline, falls,49 and death.15,49 Several studies have supported 
the association between depression and disability in the older adult population.30 While debate 
exists regarding the causal direction of this relationship (i.e., poor function predicts the likelihood 
of depressive symptoms or vice versa),50,51 Wang et al. collected data on 2,581 community-
dwelling older adults and demonstrated that depressive symptoms were strongly associated 
with poor functional outcomes and increased rates of functional declines over a follow-up period 
averaging 3.4 years (range 0-7).31 Liu et al. showed that depressive symptoms were associated 
with lower levels of ADL function; however, both depressive symptoms and function improved 
after receiving post-acute services.52 The association between depressive symptoms and slow 
gait speed at SNF discharge is particularly concerning for this vulnerable, post-acute population 
as slow gait is associated with higher risk of developing further ADL disability, rehospitalization, 
and institutionalization in older, community-dwelling adults both with and without baseline ADL 
disability.42,44,53 Depression is an important modifiable factor when considering risk stratification 
and, thus, may be a potential target for early intervention upon SNF admission. Yet, depression 
is often significantly undertreated in older adult populations, which may contribute to continued 
disability or delayed functional recovery. Increased awareness by physical therapists that 
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symptoms of depression often mimic manifestations of physical frailty (i.e., weakness and 
fatigue) may lead to earlier referrals to a physician and subsequent treatment.54  
Strengths and Limitations 
This study contains considerable strengths with a number of limitations. Notably, to the 
authors’ knowledge this is the first publication to characterize the longitudinal functional status of 
the SNF population and explore potential predictors of functional change. The knowledge 
gleaned from this study provides an impetus to explore current SNF clinical practices to 
advance care and provide the data necessary to reform post-acute care policies. Limitations of 
the study include the small sample size from 1 facility, which limits generalizability. To address 
this, future studies will explore data across multiple, diverse facilities. Additionally, by using 
EMR data, we faced missing data due to inconsistencies with clinical recording and location of 
information. Variables that would describe the nature of the SNF stay and potential 
complications (e.g., infection, abnormal laboratory values) were not collected, yet those 
conditions may have impacted functional outcomes. Given the low adjusted R2 for the gait 
speed model and the failure of all predictors of interest to achieve statistical significance in the 3 
other models, we are potentially missing important variables or more accurate measures of 
identified variables.  Functional change, especially in the acute phase, is likely attributed to 
multiple factors and interactions, making it a complex domain to investigate.31 While depression 
was a significant predictor, the data collected could not definitely identify which patients were 
being actively treated for depression. Another limitation is the lack of data regarding prior-
hospital functional status, which may have greatly impacted the functional score at SNF 
evaluation. Finally, the length of this study lacked long-term follow-up regarding functional status 
beyond the SNF stay. Variables may have predicted sustainability, further improvement or 
decline in functional status beyond the SNF stay and, thus, future research in this area is 
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warranted. This is consistent with current post-acute practices that do not extend data points 
beyond the isolated stay.55,56 
Conclusion 
The potential for a poor trajectory of functional recovery following a SNF stay places 
older adults at risk for increased healthcare utilization and costs, as well as adverse events 
including rehospitalization, future disability or institutionalization. Understanding the predictors of 
functional change may direct future research and quality improvement efforts towards more 
effective interventions to improve function trajectories from a SNF episode of care and beyond. 
Our study indicated depressive symptoms may play a critical role in functional trajectories, 




























Table 4. Initial models predicting change in gait speed from evaluation to discharge from the 
SNF. 
 
*Model Predictor of Interest Parameter 
Estimate (SE) 
p-value Model R2 
1 Body mass index, 
kg/m2 
0.00 (0.00) 0.46 0.20 
2 Skilled nursing facility 
length of stay, d 
-0.00 (0.00) 0.44 0.15 
3 Hospital length of stay, 
d 
0.01 (0.01) 0.35 0.16 
4 Functional comorbidity 
index 
0.00 (0.02) 0.95 0.18 
5 The Patient Health 
Questionnaire 
Depression Scale 
-0.02 (0.01) **0.04 0.19 
6 Brief Interview for 
Mental Status 
0.00 (0.01) 0.99 0.18 
7 Braden Scale 0.00 (0.01) 0.77 0.15 
8 Barthel Activities of 
Daily Living Index 
0.00 (0.00) 0.27 0.15 
9 Total therapy minutes -0.00 (0.00) 0.52 0.15 
10 Medicare priority 
diagnosis upon 
admission 
0.01 (0.05) 0.86 0.14 
11 Dementia diagnosis 0.12 (0.10) 0.23 0.16 
12 Pain that impacts sleep 
or activity 
0.00 (0.05) 0.95 0.15 
13 Fall with fracture in the 
past 6 months 
-0.01 (0.06) 0.93 0.15 
14 Fall in the past month 0.01 (0.05) 0.76 0.14 
FINAL The Patient Health 
Questionnaire 
Depression Scale 
-0.02 (0.01) 0.04 0.19 
*Each model controlled for age, sex, and evaluation value of gait speed 









Table 6. Initial logistic models predicting the odds of slow gait speed (<0.65 m/s) at discharge. 
 
*Model Predictor of Interest Odds Ratio 
(95% CI) 
p-value 
1 Body mass index, kg/m2 1.0 (0.9-1.1) 0.66 
2 Skilled nursing facility length of 
stay, d 
1.1 (1.0-1.2) 0.10 
3 Hospital length of stay, d 0.9 (0.7-1.1) 0.16 
4 Functional comorbidity index 1.2 (0.8-2.0) 0.37 
5 The Patient Health 
Questionnaire Depression Scale 
1.2 (0.9-1.5) 0.16 
6 Brief Interview for Mental Status 0.9 (0.7-1.2) 0.64 
7 Braden Scale 0.9 (0.7-1.2) 0.46 
8 Barthel Activities of Daily Living 
Index 
1.0 (0.9-1.0) 0.41 
9 Total therapy minutes 1.0 (1.0-1.0) 0.23 
10 Medicare priority diagnosis upon 
admission 
0.9 (0.3-2.7) 0.85 
11 Dementia diagnosis 1.3 (0.1-11.7) 0.82 
12 Pain that impacts sleep or 
activity 
0.6 (0.2-2.0) 0.45 
13 Fall with fracture in the past 6 
months 
0.7 (0.2-2.8) 0.58 
14 Fall in the past month 0.9 (0.3-2.7) 0.88 







BETTER OUTCOMES IN LESS TIME: APPLICATION OF HIGH-INTENSITY 
REHABILITATION IN A SKILLED NURSING FACILITY 
Introduction 
Post-acute care reform places rehabilitation services under scrutiny to deliver quality 
care and superior outcomes in less time.1-3 While Medicare spending on SNFs alone constitutes 
~50% of all post-acute care costs,4-6 2017 Medicare data reports no change in functional 
outcomes related to bed mobility, transfers, and ambulation during a skilled nursing facility 
(SNF) stay.6 Another study showed 1 in 3 Medicare beneficiaries report no improvement in 
function.7 The discrepancy between high costs6,8,9 and subpar functional outcomes10-24 strongly 
suggests the need for changes in rehabilitation care delivery and practices. Physical function is 
an important modifiable predictor25-31 of SNF population outcomes such as community 
discharge,32  functional recovery,33,34  healthcare utilization,32,35  and rehospitalization rates,36,37 
38-41 all of which are outcomes emphasized in post-acute care policy reform.32-34,36,42-46 As such, 
SNF rehabilitation therapists applying interventions at an appropriate physiologic intensity have 
the strong potential to enhance physical function and contribute to interdisciplinary efforts to 
improve SNF population outcomes. 
With the goal of improving physical function, current rehabilitation paradigms dose the 
“intensity” of interventions based on standardized minutes of therapy per week,12,13,17,18,47-56  as 
opposed to the physiologic tissue overload provided potentially due to clinician concerns and 
fears with applying such principles in a post-acute population.57,58 The tissue-response principle 
forms the basis of physiologic tissue overload, which requires the patient experience sufficient 
force or challenge during an exercise to induce physiologic changes in the tissue. High-intensity 
resistance training improves function in community-dwelling and long-term care residents,59-61 
but is not consistently applied to SNF populations due to specific barriers at the leadership, 
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clinician, and patient levels.62 Research shows high-intensity multi-component rehabilitation 
strategies are safe and significantly improve physical function over 2-fold in medically-complex, 
older adults receiving home rehabilitation within 30 days after acute hospitalization.63 A similar 
multi-component, high-intensity approach may benefit patients in SNFs, who exhibit greater 
deficits in physical function that prevent them from returning home at hospital discharge. 
Integrating high-intensity dosing into SNF rehabilitation approaches has the potential to be more 
effective in less time, given that high-intensity exercise alone not only impacts strength but also 
cognition, activities of daily life (ADL) performance, and measures of physical function, without 
specific training of those domains.59,64-66 Low-intensity rehabilitation interventions in the SNF are 
unlikely to confer significant physiologic gains and require longer periods of time to observe 
change in physical function;67-70 thus, low intensity interventions will be an inefficient approach 
as SNF length of stays (LOS) decrease in the wake of changes in reimbursement models.  
A high-intensity approach designed to overcome challenges and facilitate SNF 
rehabilitation practice change is likely more sustainable, impactful, and better supports the value 
of rehabilitation in SNFs.  Veterans were studied because inadequate recovery of function is 
especially concerning for this population, who have lower physical function at baseline 
compared to age-matched peers71 and are, subsequently, at greater risk for permanent loss of 
function, increased need for assistance, or costly institutionalization. The interdisciplinary 
“IntenSive Therapeutic Rehabilitation for Older Skilled NursinG HomE Residents” (i-
STRONGER) program is a multi-component program based on physiologic principles of high-
intensity exercise designed for integration into routine care under current and future 
reimbursement models. The purpose of this study was to evaluate the feasibility and 
effectiveness of a high-intensity rehabilitation protocol, i-STRONGER, in improving function over 





Study Design and Sample 
The pragmatic study design used a Veteran SNF as its own control and conducted the 
study with 2 independent groups of patients. Our team collected data prospectively on 103 
patients in the Denver metro area.  Patients were all post-hospital discharges and with a single 
admission to a Veteran SNF for rehabilitation. The study team collected data on the first group 
of patients receiving Usual Care from April, 2016 until July, 2017. We trained therapists on i-
STRONGER from July 2017 until August 2017, and i-STRONGER became integrated into 
routine care as the new standard of care. The second stage of data collection occurred from 
August 2017, until October 2018. Patients were included in i-STRONGER if appropriately 
identified within 72 hours of admission. Exclusion criteria included contraindications to high-
intensity exercise (reference the American College of Sports Medicine Exercise Testing and 
Prescription),72 weight-bearing precautions, inability to stand independently prior to 
hospitalization, or a neurological diagnosis (e.g., cerebral vascular accident, multiple sclerosis, 
Parkinson’s disease).  
i-STRONGER Intervention 
During Usual Care, we made no changes to intervention type or intensity of 
interventions, but patients needed to meet the i-STRONGER criterion for inclusion in the 
dataset. Unpublished data based on observations and therapist surveys indicate post-acute 
care rehabilitation interventions are dosed at a low-physiologic intensity. Therapists participated 
in two, 2-hour, in-person trainings. The team included a physical therapist (PT), physical therapy 
assistant (PTA), occupational therapist (OT), and Certified Occupational Therapist Assistant 
(COTA).  Following training sessions, researchers provided one-on-one coaching with therapists 
during patient treatment sessions and facilitated 2 large group problem-solving sessions. i-
STRONGER is based on sound physiological principles, relevant clinical literature, and 
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preliminary data strongly supporting the potential of this program to improve physical function in 
older adults after hospitalization.63 Additionally, we modeled i-STRONGER after multi-
component intervention programs, which have been shown to be highly effective in reducing 
disability in community-dwelling older adults.73-76 To target common deficits seen in older adults 
after hospitalization, including muscle weakness, poor physical function, and impaired ADLs, i-
STRONGER provides a menu of options that include resistance training, transfers, neuromotor 
interventions (balance, gait), and ADL training (See Tables 1 and 2 for PT and OT respectively). 
Each option had multiple levels with the goal to start patients at the highest level as appropriate. 
For example, for plantar flexor strengthening therapists would start with having a patient attempt 
standing single-leg heel raises. If the patient was unable to complete, the therapist would try the 
next level, double-leg heel raises and so forth until the patient is able to complete the exercise 
with good form and achieve failure. The levels of options are particularly useful in cases where 
knee pain may impede high-intensity weight-bearing exercises in standing but can be dosed 
under high-intensity for a non-weight bearing level. Therapists chose interventions from the 
menu to tailor to a patient’s current level of function and needs for discharge. Successful 
application of all interventions relied on principles of physiologic overload using an 8 repetition 
max (8RM) to promote muscle strengthening and emphasize functional carryover for 
independence.72  An 8RM is equivalent to 80% of a one repetition max, which is the maximal 
load needed to voluntarily complete one repetition of a given exercise with proper form.72 
Intervention challenge (e.g., weight, step height, use of upper extremity support) was adjusted 
so the patient achieved 8 repetitions with failure on the ninth repetition.72 Failure is defined as 
the inability to complete a repetition through the full, available range of motion without significant 
compensation (e.g., increase in speed to overcome momentum, increased use of accessory 
muscles, the need for one level increase in the amount of physical assist).72 To maximize 
therapy time and ensure high-intensity dosing, we instructed therapists to start with greater than 
37 
 
5 pounds for upper extremity interventions and greater than 10 pounds for lower extremity 
interventions. 
Demographics and Clinical Characteristics 
We collected demographic and clinical data from the Minimum Data Set, 77 electronic 
medical records (EMR), and rehabilitation EMR. Demographic and clinical data collected 
included characteristics likely to impact changes in and recovery of physical function: age, sex, 
body mass index (BMI), hospital length of stay (LOS) in days, SNF LOS in days, fall history in 
the past month, fall history with a fracture in the past 6 months, total therapy minutes, pain as it 
impacts daily activities, pain as it impacts sleep, and primary admitting diagnosis.24 The 
Functional Comorbidity Index (FCI) was calculated from MDS data Section I (Active Diagnoses) 
with methods described previously.24 The FCI counts the number of diagnoses related to 
physical function.78 Admitting diagnoses classified as a Medicare priority included: joint 
arthroplasty, pneumonia, heart failure, chronic obstructive pulmonary disease, and hip fracture. 
Patients admitted with Medicare priority diagnoses are at increased risk for rehospitalization and 
tend to generate high healthcare costs.79 The Brief Interview of Mental Status (BIMS) consists of 
7 questions pertaining to recall, temporal orientation, and attention.80 The BIMS stratifies 
patient’s cognition into three levels: 0-7 points indicates severe cognitive impairment, 8-12 
moderate cognitive impairment, and 13-15 indicates cognition is intact.80 The Patient Health 
Questionnaire (PHQ-9©) Screening Tool for Depression assessed the frequency and severity of 
depressive symptoms.81 The Braden Scale for Predicting Pressure Sore Risk screens and 
stratifies patients in terms of risk for developing pressure wounds.82 The scale is composed of 6 
subscales including: sensory perception, skin moisture, activity, mobility, nutritional status, and 
friction or shear.82 The Barthel Activities of Daily Living Index (BI) assesses a patient’s ability to 
perform basic ADL tasks including bowel and bladder control, grooming, toilet use, feeding, 
transfers, mobility, dressing, stairs, and bathing.83,84 The BI was extracted from the MDS using 
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the mapping technique though modified to the MDS Version 3.0 and provided by Wojtusiak et 
al.24,85 The PT or OT assessed patient motivation at evaluation by asking patients to rate their 
motivation to participate in therapy on a scale from 0 (none) to 10 (highly motivated). 
Measures of Feasibility 
We evaluated feasibility at both the therapist and the patient level. After training, 
therapists completed a competency test on high-intensity principles and a self-efficacy 
questionnaire regarding one’s ability to administer high-intensity rehabilitation (adapted from 
Resnick et al).86 These surveys assess therapists’ knowledge of high-intensity principles and 
change in their confidence in efficiently administering high-intensity interventions pre and post i-
STRONGER training. The research team assessed treatment fidelity using an objective 
checklist. A minimum of 2 sessions per therapist (N=4 therapists) were observed (N=11 
sessions). The team also conducted documentation audits approximately monthly throughout 
the study and quantified the documentation based on the key elements of included in the 
training:  documentation of all i-STRONGER intervention on an indicated template, interventions 
performed to failure, and recommended progression for next session. Research personnel also 
tracked therapy session refusals in the rehabilitation EMR for patients who were eligible for i-
STRONGER. At the patient’s discharge, the therapist administered a patient satisfaction survey 
designed to assess the patent’s overall experience with SNF rehabilitation. The survey 
represented a sample of patients present in the SNF during Usual Care and i-STRONGER 
stages. The survey had 9 questions, each question on a 1-10 scale (1=not at all and 
10=extremely). The first 7 questions were posed to assess whether a patient was satisfied with 
various aspects of therapy. The final two questions asked patients to rate how much muscle 




Measures of Effectiveness 
The primary outcome of this study was the change in physical function from SNF therapy 
evaluation to therapy discharge. To measure changes in physical function, the PT or OT 
administered the Short Physical Performance Battery (SPPB). SPPB scores are strong 
predictors of disability, institutionalization, and morbidity in older adults.29,30,87 Additionally, the 
SPPB demonstrates good sensitivity to change.88 The SPPB is a well-accepted measure of 
lower extremity function and consists of 3 sections: static balance assessment, gait speed, and 
a timed 5-time sit-to-stand.29,87 Each section is scored on an ordinal scale from 0-4 scale with 
scores ranging from 0 to 12, where higher scores indicate better function.29,87 The SPPB is 
reliable based on intra-class correlation coefficient (ICC) =1.0 across 3 raters in the SNF and a 
research team member. Gait speed, extracted from the SPPB, independently predicts risk for 
disability, higher health care utilization, and increased mortality.89 Gait speed was measured by 
the time it took a patient to walk 4-meters. We extracted from the MDS in the EMR 
Rehospitalizations (MDS A2100), falls within the SNF stay (MDS J1800), and community 
discharge status (MDS A2100) were extracted from the MDS in EMR.77 The MDS defines 
community discharge as returning to home, independent living, or assisted living facility. The 
average cost per day was measured using a Medicare Rate Calculator90 for patients billing 
under Medicare A and the average per-diem rate at Veteran SNFs in Colorado for Veterans who 
are deemed service-connected.  
Statistical Analyses 
Descriptive statistics were calculated for demographic and clinical characteristics and 
compared between the i-STRONGER and Usual Care groups.  Independent sample t-tests 
were used for continuous, non-skewed variables, chi-squared tests were used for categorical 
variables, and Wilcoxon rank-sum tests were used for skewed continuous variables.    
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For the primary analysis, we modeled SPPB change as a function of treatment group 
indicator, controlling for the baseline value of SPPB, study stage, sex, age, SNF LOS, total 
therapy minutes, FCI, and additional potential confounders meeting criteria described below. 
Statistical inference regarding the difference between groups was based on the estimated 
coefficient for the treatment group indicator (Usual Care or i-STRONGER) in the final linear 
regression model. Potential confounding variables included in the final model met three criteria, 
1) each was found to be different between groups at p<0.10, 2) each has a plausible impact on 
physical function and ADLs in older adults, and 3) when entered separately into the base model, 
the group indicator parameter changed by more than 10%. The only variables meeting these 
criterion were patient motivation and Medicare priority diagnoses (coded as the patient having 
one or not).79  The same approach was used to assess change in gait speed; although, no 
significant confounders were used in the final model. All analyses were run in SAS 9.4, SAS 
Inc., Cary, NC. A two-sided p-value of 0.05 was designated for statistical significance in the final 
models. 
Results 
Demographics and Clinical Characteristics 
The study included 103 patients (N=53 Usual Care and N=50 i-STRONGER). Table 3 
outlines demographic and clinical characteristics compared by study stage. Sex was 
significantly different between groups with 13% more females in Usual Care compared to i-
STRONGER (p=0.03). The proportion of patients with Medicare priority diagnoses was 35% 
greater in Usual Care compared to i-STRONGER (p<0.01). All other demographic and clinical 
variables were not significantly different between groups. There was no significant difference in 
the total number of therapy minutes, suggesting both groups received a comparable amount of 
therapy. The proportion of patients with a hospital readmission during the SNF stay was less 
than 10% in both groups and not significantly different (p=0.52).  
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Measures of Feasibility 
Patient satisfaction with rehabilitation was significantly greater in i-STRONGER (p<0.01) 
for the comparison between the first seven questions of either the 7 or 9 question survey (Table 
3). The number of refusals to participate in individual therapy sessions did not differ between 
groups (p=0.07). Treatment fidelity was 99% ±3 % across 4 therapists and 11 treatment 
sessions and indicated strong adherence to i-STRONGER during observed sessions. 
Therapists used the documentation sheets tailored for the study on 40% of i-STRONGER 
patients. Therapists scored an average of 64% correct on the competency exam (N=3). Self-
efficacy scores were not different prior to and after i-STRONGER training with an average 45.0 
±5.1 points pre and 42.8 ±7.4 points post i-STRONGER (p=0.63) out of a maximum of 50 
(higher scores indicate more confidence).  
Measures of Effectiveness 
In the unadjusted model, i-STRONGER showed a 0.68 point greater change in the 
SPPB (p=0.17) compared to Usual Care (Table 5). i-STRONGER demonstrated an adjusted 
0.63 point (p=0.27) greater change in SPPB compared to Usual Care (Table 5). Significant 
covariates in the adjusted model included age (β=-0.06, p=0.03) and SPPB score at evaluation 
(β=-0.31, p=0.02). In the unadjusted model, i-STRONGER showed a 0.16 m/s faster gait speed 
change (p<0.01) compared to Usual Care (Table 5). The change in gait speed in the adjusted 
model was statistically significant between groups with i-STRONGER exhibiting a more positive 
change (i.e., faster speed) of 0.13 m/s (p=0.05) more than Usual Care (Table 5). The only 
significant covariate in the adjusted model was gait speed at evaluation (β=-0.53, p<0.01).  The 
average SNF LOS was 3.5 days fewer on i-STRONGER (p=0.26) (Table 4). The average 
calculated daily cost per patient day was not different between groups (p=0.61) at $439.60 and 
$438.90 for Usual Care and i-STRONGER respectively (Table 4). Using an average per diem 
rate across both groups of $439.25, a patient in i-STRONGER with 3.5 days fewer in the SNF 
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saved the respective payer $1537.38. Community discharge rates were significantly higher in i-
STRONGER (p=0.02) by 19.8% compared to Usual Care. Therapists reported no direct adverse 
effects of i-STRONGER (e.g., muscle strains, debilitating muscle soreness, falls) to researchers.   
Discussion 
The findings from this study suggest a high-intensity rehabilitation program applied to 
medically-deconditioned patients in a SNF following hospitalization effectively and safely 
improves function measured by gait speed in less time, and therefore less cost, compared to 
Usual Care. Importantly, the difference in gait speed change between i-STRONGER and Usual 
care was 0.13 m/s, which exceeds the patient and population-based meaningful clinically 
important difference (MCID) of 0.1 m/s and 0.5 m/s for gait speed, respectively.92 Improvements 
in gait speed is critical when considering this measure can independently predict risk for 
disability, higher health care utilization, and increased mortality.89 SPPB change from evaluation 
to discharge was not statistically significantly different between groups but the change 
difference between groups was clinically meaningful. The MCID for the SPPB is ≥1 point at the 
individual level and ≥0.5 points at a population level,91 which was the magnitude of change 
reflected in i-STRONGER.  Safety of the program is elucidated by the lack of differences or 
improvements noted between i-STRONGER and Usual Care on treatment-specific injuries, 
patient satisfaction surveys, pain indicators, and falls during the SNF stay. Furthermore, 
therapists did not report any adverse events that they directly linked to i-STRONGER. 
Importantly, i-STRONGER is feasible because patient satisfaction with rehabilitation remained 
greater in i-STRONGER, the number of refusals to participate in rehabilitation was comparable 
between groups, and the demonstration of treatment fidelity was high.  
While other studies in SNFs investigated therapy intensity as the amount of therapy 
minutes,12,13,17,18,47-56 this study evaluates outcomes when standardizing the physiologic intensity 
of the interventions. This study is also unique compared to other high-intensity exercise studies 
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conducted in nursing home or community settings59-61 because i-STRONGER was conducted 
within the constraints of the current SNF reimbursement model, which dictates the number of 
therapy minutes per week and length of stay. Other studies in similar medically-complex patient 
populations demonstrate effectiveness over a period of months,59-61which is consistent with 
physiologic principles of tissue adaptation.70 In contrast, the average SNF LOS is less than one 
month. While physiologic adaptations in muscle hypertrophy take 6-8 weeks with high-intensity 
resistance training, neuromuscular changes that increase strength and carry over to improved 
function occur in the first few weeks (i.e., typical SNF length of stay).70  
The results of this study are comparable to a similar pilot study conducted in older adults 
receiving home health rehabilitation following hospitalization, which showed functional gains in 
the high-intensity group that exceeded three times the MCID in SPPB compared to Usual Care. 
Importantly, the difference between groups occurred 30 days following the rehabilitation episode 
of care,63 suggesting we may see effects of high-intensity intervention that extend beyond a 
rehabilitation course of therapy.  Functional trajectories following hospitalization is of great 
interest to the healthcare system as inadequate recovery of function may increase risk for 30-
day hospital readmission and 12-month mortality.93-95  Inadequate recovery of function coupled 
with increased risk for adverse events is especially concerning when considering the trajectory 
of functional recovery following hospitalization and SNF care is generally poor, with less than 
25% of patients returning to pre-hospitalization levels of function.93-95 Policy changes will include 
comprehensive measures of functional recovery and decline to better assess SNF quality of 
care and outcomes. 35,96 
 i-STRONGER demonstrates greater rates of community discharge and an average 3.5-
day reduction in SNF LOS, which is clinically meaningful when considering the cost-savings to 
payers per patient. The Veteran SNF is a unique system that provides skilled services to 
patients with Medicare A and service-connected coverage. Due to the nature of the Veteran 
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system and services, therapists at this SNF make the ultimate decision to discharge a patient 
once a specific functional level has been achieved (qualitative study in preparation). The 
Veteran system does not experience the same pressures as other SNFs to discharge patients 
based on reimbursement,97 but rather makes discharge decisions based on clinical outcomes. 
Thus, our data suggest that patients in i-STRONGER were being discharged earlier because 
they met functional standards sooner compared to Usual Care. If the study design had required 
LOS to be comparable between groups, we might have seen even greater functional gains with 
i-STRONGER. With a 3.5-day reduction in LOS, a cost savings of $1537.38 extended over the 
50 patients in i-STRONGER equates to savings of $76869.00 for one SNF facility alone. 
Reduction in LOS is an attractive target in post-acute care reform to contain costs and 
demonstrates better outcomes in patients following hip fracture.97 A study by O’Brien et al. 
shows an association between greater therapy minutes and shorter LOS, though the physiologic 
intensity of the therapy was not evaluated.98 Importantly, the reduced LOS did not affect 
discharge location and, in fact, we observed a 20% increase in community discharges during i-
STRONGER. While many factors play a role in the need for institutionalization (e.g., 
psychosocial, environmental), community discharge is highly correlated with functional status.99 
The results of our study suggest the quality of rehabilitation delivered over the quantity delivered 
drives better outcomes and is attractive to SNF companies looking to differentiate themselves in 
the marketplace and be competitive for both hospital and Medicare-Advantage contracts.100-103  
There are several limitations to this study to be considered. First, the use of Veteran 
SNF as a single site may affect generalizability.  The clinically-driven versus reimbursement-
driven culture of the Veteran SNF may be perceived to limit generalizability. However, the onset 
of policy changes, such as the value-based Patient-Driven Payment Model,33,34 will likely 
encourage non-VA SNFs to adopt a similar approach to delivery of care. Second, the response 
to high-intensity may have been at its greatest outside the period we collected data (at SNF 
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discharge). In a similar study in a home health population by Stevens-Lapsley et al., greater 
gains and subsequent divergence between high intensity and Usual Care groups were observed 
30 days after the completion of physical therapy.63 While treatment fidelity was high during 
observation in this study, documentation of fidelity was much lower, which may suggest <100% 
implementation;  although therapists could have been adhering to i-STRONGER and not 
transferring that knowledge to the paper documentation created for the study. Third, the study 
design has potential limitations in the interpretations and generalizability of the data. We choose 
a single facility, pre-post study design after exploring numerous alternatives. We considered 
prospectively randomizing patients to Usual Care and i-STRONGER with separately trained 
therapists. However, therapists in SNFs rotate patients daily to accommodate staffing and 
patient needs. Furthermore, there is a potential for intervention contamination with therapists 
treating together in a central area. We also considered comparing 2 SNFs randomized to i-
STRONGER or Usual Care at the facility-level, but the considerable variability between facilities 
would require substantially larger sample sizes. Fourth, the study was not powered to detect 
responders and non-responders, which is an important question to address in the 
heterogeneous SNF population to better allocate resources in future payment models.  Finally, 
the low R2 values observed in the regression models suggests the data is not capturing 
additional, important factors that are driving functional changes over the course of a SNF stay. 
Conclusion 
 High-intensity rehabilitation intervention applied in the SNF demonstrates statistically 
significant and clinically meaningful improvements in gait speed, reduced LOS, and greater 
community discharge compared to Usual Care, all of which translates into cost savings for the 
healthcare system and enhanced quality of life for patients. Physical function is a well-
documented modifiable risk factors for many adverse events experienced by older adults 
following acute hospitalization including institutionalization, hospital readmission, falls, and 
46 
 
death. Changes to policy in post-acute care reform are and will start to emphasize the 
measurement of functional outcomes over the course of a SNF stay and, consequently, will 
begin to link reimbursement directly to those outcomes. Changing rehabilitation approaches 
through the integration of high-intensity principles of exercise interventions prior to many of the 
post-acute care policy changes emphasizes the value of rehabilitation therapy to the 
interdisciplinary SNF team in reducing adverse events and impacting larger healthcare efforts to 
provide high-quality care at reduced cost.   
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Table 1. Brief summary of i-STRONGER for Physical Therapy.  
Rehabilitation Intervention Protocol Description Rationale 
Strength Training A menu of exercise options 
included both closed and open 
chain-strengthening interventions 
that targeted quadriceps, hip 
extensors, hip abductors, and 
plantar flexors. All exercises are 
performed with a goal of 80% of 1 
repetition-max (8RM). 
8RM has been shown to induce 
physiological overload on 
skeletal muscle in older adults, 
which leads to meaningful gains 
in strength in older adults.66,70,72 
The four lower extremity muscle 
groups targeted have been 
shown to impact falls and 
mobility in older adults.  
Transfer Training Transfer training was carried out 
using an 8RM goal and included the 
following menu options: bed 
mobility, floor transfer, sit-to-stand, 
and bridging progression.  
High-intensity transfer training in 
functional patterns promotes 
optimal gains in muscle strength 
and motor learning necessary 
for meaningful functional 
carryover.66,70,72 
Neuromotor Training Neuromotor training was 
progressed either at 8RM or once 
patient was successful for >80% of 
the activity, as appropriate for each 
respective menu item: multi-
directional step-up or step-downs, 
stairs, dynamic foam progression, 
multi-directional lunges, and 
stepping or gait patterns.  
High-intensity neuromotor 
training provides the challenge 
and repetition to induce 
physiologic changes that 
transfer to improved balance 





Table 2. Brief summary of i-STRONGER for Occupational Therapy 
  
Rehabilitation Intervention Protocol Description Rationale 
Functional Transfer Training Transfer training was carried out 
using an 8RM goal and included the 
following options: tub transfer, toilet 
transfer, and stand-pivot.  
High-intensity functional transfer 
training promotes optimal gains 
in muscle strength and motor 
learning necessary for 
meaningful carryover to 
improved ADL performance. 
 
ADL Training ADL training focused on an 8RM for 
the following options: multi-
directional reaching, picking up 
objects from the ground, loading or 
unloading the dishwasher, loading 
or unloading the washer & dryer, 
triceps dips, biceps curls, wall-push-
ups.  
High-intensity ADL training 
provides the challenge and 
repetition to induce physiologic 
changes that transfer to 
improved balance and 
completion of ADLs. 
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Table 3. Patient characteristics between Usual Care and i-STRONGER groups. 
 
 
 Usual Care i-STRONGER  
Variable 
Mean ±SD (N) and 
Median (Range) 
or Frequency (N) 
Mean ±SD (N) and Median 
(Range) 
or Frequency (N) 
t-test P-Value 
Age 78.0 ±9.6 (53) 
79.2 (55.6-94.3) 
77.3 ±10.8 (50) 
77.0 (51.4-94.6) 
P=0.71 
Sex  Male: 83% (44) 
Female: 17% (9) 
Male: 96% (48) 
Female: 4% (2) 
P=0.03*† 
Race Asian: 2% (1) 
Black or African American: 
30% (16)  
Hispanic or Latino: 4% (2) 
White: 64% (34) 
Unknown: 0% (0) 
Asian: 0% (0) 
Black or African American: 
24% (12) 
Hispanic or Latino: 8% (4) 
White: 62% (31) 




3.0 ±1.6 (52) 
3.0 (0-7.0) 
2.5 ±1.4 (50) 
2.0 (0-6.0) 
P=0.13 
BIMS  13.2 ±2.8 (52) 
14.0 (4.0-15.0) 
13.4 ±2.8 (49) 
15.0 (4.0-15.0) 
P=0.25ρ 
BIMS Categoriesa Intact: 75.5% (40) 
Moderately Impaired: 
15.1% (8) 
Severely Impaired: 9.4% 
(5) 
Intact: 82.0% (41) 
Moderately Impaired: 10.0% 
(5) 




Yes: 49% (26) 
No: 51% (27) 
Yes: 14% (7) 
No: 86% (43) 
P<0.01*† 
Hospital LOS 8.6 ±8.3 (53) 
5.0 (2.0-49.0) 





1805.9 ±1113.2 (53) 
1542.0 (477.0-5016.0) 





3.6 ±2.9 (53) 
3.0 (0-12.0) 





Table 3 continued. 
 
 
Usual Care i-STRONGER 
 
Variable 
Mean ±SD (N) and 
Median (Range) 
or Frequency (N) 
Mean ±SD (N) and 
Median (Range) 
or Frequency (N) t-test P-Value 
Braden Risk Scale 18.1 ±2.9 (53) 
19.0 (10.0-23.0) 
18.5 ±2.4 (50) 
19.0 (13.0-23.0) 
P=0.49 
Barthel ADL Index 55.4 ±17.7(27) 
51.0 (26.0-85.0) 
48.5 ±13.6 (39) 
45.0 (26.0-85.0) 
P=0.08 
Pain Impacts Activity Yes: 45.7% (16) 
No: 54.3% (19) 
Yes: 66.7% (28) 
No: 33.3% (14) 
P=0.06† 
Pain Impacts Sleep Yes: 25.7% (9) 
No: 74.3% (26) 
 
Yes: 38.1% (16) 
No: 61.9% (26) 
 
P=0.25† 
Fall during SNF stay Yes: 9.5% (4) 
No: 90.5% (38) 
Yes: 13.6% (6) 




9.0 ±1.4 (53) 
10.0 (5.0-10.0) 




Survey 7 question 
55.3 ±6.6 (19) 53.5 ±9.2 (2) P=0.73 
 
Patient Satisfaction 
Survey 9 question 
65.9 ±13.3 (10) 
61.5 (50.0-88.0) 




Survey first 7 
questions in 7 and 9 
question surveys 
54.6 ±7.9 (29) 
55.0 (34.0-69.0) 
59.4 ±7.3 (39) 
61.0 (38.0-70.0) 
P=0.01* 
Patient refusals 0.2 ±0.5 (53) 
0.0 (0.0-2.0) 
0.1 ±0.3 (50) 
0.0 (0.0-2.0) 
P=0.07 
a BIMS categories of cognitive impairment: 0-7 points indicates severe cognitive impairment, 8-12 moderate cognitive 
impairment, and 13-15 indicates cognition is intact.80  
b Medicare priority diagnoses include: joint arthroplasty, pneumonia, heart failure, chronic obstructive pulmonary 
disease, and hip fracture.79  
*Statistically significant at p<0.05 
†Chi-square test 




Table 4. Clinical and functional effectiveness outcomes between Usual Care and i-STRONGER 
groups. 
 
*Statistically different at p<0.05 
†Wilcoxon Rank-Sum test 
ρChi-square test  
 
Usual Care i-STRONGER 
 
Variable 
Mean ±SD (N) and Median 
(Range) 
or Frequency (N) 
Mean ±SD (N) and Median 
(Range) 
or Frequency (N) 
t-test P-Value 
SPPB Evaluation 3.4 ±2.5 (53) 
3 (0-12) 
3.0 ±2.1 (50) 
3 (0-9) 
P=0.37 
SPPB Discharge 7.0 ±2.8 (53) 
7.0 (2.0-12.0) 
7.5 ±3.0 (48) 
7.5 (1.0-12.0) 
P=0.43 
SPPB Change 3.6 ±2.3 (53) 
3.0 (0.0-11.0) 
4.3 ±2.7 (50) 
4.0 (0.0-10.0) 
P=0.17 
Gait Speed Evaluation 
(m/s) 
0.5 ±0.2 (40) 
0.5 (0.2- 0.9) 
0.4 ±0.2 (44) 
0.4 (0.04-1.0) 
P=0.06 
Gait Speed Discharge 
(m/s) 
0.8 ±0.2 (44) 
0.8 (0.3-1.3) 
0.9 ±0.3 (48) 
0.9 (0.3-1.9) 
P=0.14 
Gait Speed Change 
(m/s) 
0.3 ±0.2 (37) 
0.3 (0.02-0.9) 
0.5 ±0.3 (43) 
0.5 (-0.08-1.1) 
P=0.01* 
SNF LOS 25.1 ±14.8 (53) 
21.0 (6.0-73.0) 
21.6 ±12.0 (50) 
18.0 (3.0-54.0) 
P=0.26† 
Average cost per 
patient per SNF day 
$439.60 ±35.3 (46) 
$427.20 (374.30-542.20) 
$438.90 ±52.1 (45) 
$427.20 (320.50-632.00) 
P=0.61† 
Average total cost per 
patient per SNF stay 
$10743.40 ±6971.3 (46) 
$9389.50 (3369.00-
34157.00) 
$9323.60 ±5163.7 (45) 
$7982.00 (1282.00-23067.70) 
P=0.41† 
Discharge Location Community: 64.2% (34) 
Hospital Readmission: 
9.4% (5) 
Long-Term Care: 26.4% 
(14) 
Community: 84.0% (42) 
Hospital Readmission: 6.0% (3) 




Table 5. Regression models explaining the change across functional outcomes between 
groups. 
 
Model (N) Parameter Estimate (SE) 
for Group 
P-Value Model Adjusted R2 
Unadjusted SPPB Change 
(103) 
0.68 (0.49) 0.17 0.01 
Adjusted SPPB Changea,b 
(100) 
0.63 (0.58) 0.27 0.08 
Unadjusted Gait Change 
(80) 
0.16 (0.06) 0.01* 0.07 
Adjusted Gait Changea 
(78) 
0.13 (0.07) 0.05* 0.18 
 
aAdjusted models controlled for the baseline value of SPPB or gait speed, study stage, sex, age, SNF LOS, total 
therapy minutes, and FCI.  
bConfounders in the final model  were the presence of pain that impacts activity and the presence of a Medicare 
Priority Diagnosis. 





IMPLEMENTATION STUDY OF CHALLENGES TO HIGH-INTENSITY REHABILITATION IN A 
SKILLED NURSING FACILITY:  TRANSFORMING REHABILITATION FOR THE FUTURE OF 
POST-ACUTE CARE 
Introduction 
Rehabilitation therapists in Skilled Nursing Facilities (SNFs) are facing dramatic changes 
in post-acute care reimbursement models. In recent years, the onset of bundled payment 
models and increased use of Medicare Advantage plans has changed the delivery of care in 
SNFs by promoting shorter length of stays with less rehabilitation. Additionally, the fee-for-
service model of care, which has been in place since the Prospective Payment System (PPS) 
launched in 1998, will cease to exist after October, 2019.1 The PPS provides case-mix adjusted 
payments classified as Resource Utilization Groups (RUGs) that do not incentivize SNFs to 
reduce lengths of stay (LOS).1,2 In October 2019, the primary model of reimbursement changes 
from fee-for-service to a value-based or pay-for-performance system called the Patient-Drive 
Payment Model (PDPM).1,3 As a result, SNFs need to allocate resources accordingly across 
multiple disciplines including rehabilitation, which comprises physical therapy (PT), occupational 
therapy (OT), and speech therapy. Thus, changes in reimbursement models3-7 creates a push 
that creates an opportunity and impetus to change rehabilitation practices in SNFs to adapt to 
system changes and be sustainable as instrumental practitioners in a value-based system.  
 Reimbursement changes in the SNF system necessitate that rehabilitation therapists 
provide interventions that are both effective and take less time, which involves a substantial 
change in provider practices, patient expectations, and the organizational environment in the 
SNF. High-intensity functional and resistance training effectively improves physical function in 
older adults residing in the community and long-term care settings.8-10 Additionally, high-
intensity rehabilitation is effective in inducing greater functional gains in medically-complex older 
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adults receiving home health post-hospitalization13 and SNF patient populations (Chapter IV). 
While maximal physiologic adaptations to the musculoskeletal and cardiopulmonary systems 
take 6-8 weeks, neuromuscular changes that translate to improved function occur in the first few 
weeks (i.e., typical SNF length of stay).11 Thus, high-intensity training capitalizes on these 
neuromuscular gains for rapid physiologic responses that promote faster functional gains. Low-
intensity training is unlikely to confer significant physiologic effects and takes much longer to 
observe change in physical function, making this approach inefficient in an era where SNF stays 
are significantly decreasing.  
 While our research team previously demonstrated the effectiveness of high-intensity in 
post-acute care populations, the mode and frequency of training is not practical for large-scale 
dissemination as researchers lack the resources and personnel to provide extensive training 
and oversight, while therapists have limited time for lengthy training in light of high productivity 
standards. Briefly, in our previous study (Chapter IV), the research team provided in-person 
training for smaller therapy team and participated in greater one-on-one mentorship per 
therapist, as well as more on-site oversight on documentation and fidelity. In comparison, this 
implementation study delivered training via an online module to a larger therapy team and 
exhibited less on-site supervision and mentorship. Thus, to promote a paradigm shift in SNF 
rehabilitation, the authors used implementation strategies to address barriers to evidence-based 
care delivery and designed an interdisciplinary “IntenSive Therapeutic Rehabilitation for Older 
Skilled NursinG HomE Residents” (i-STRONGER) program, which practicably integrates 
principles of physiologic tissue overload into standard SNF rehabilitation interventions. The 
purpose of this implementation study was to evaluate the processes surrounding 
implementation of high-intensity training in a single SNF rehabilitation paradigm to refine training 
and implementation strategies for more practical, distance-learning scalability. Additionally, to 
better understand the effectiveness results we ran a secondary analysis on the change in 
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function between groups on patients who did not have a surgical procedure prior to admission to 
the SNF. The purpose of the secondary analysis was to explore the impact of high-intensity 
rehabilitation on a more homogeneous, medically-deconditioned population who presents 
differently than patients post-surgery (e.g., no post-operative complications, potentially longer 
period of functional decline before acute hospitalization, or less need for extensive pain 
management, no surgical precautions). 
Methods 
Study Design, Sample, and Intervention 
In designing for implementation, the Practical, Robust Implementation and Sustainability 
Model (PRISM)63 was used to better understand the process to implement and the RE-AIM 
framework utilized to evaluate the implementation processes.29,30 For the primary analysis, we 
collected data on prospectively on 284 patients with a single admission to one 80-bed SNF in 
the Denver metro area. We staged the study design with 2 independent cohorts of patients 
within a single SNF facility, thereby using the facility as its own control. The research team 
collected prospective data on the first cohort of patients receiving Usual Care from September, 
2017 until February, 2018. The therapists received web-based and mentorship on i-
STRONGER from February until early April 2018. During this time, therapists integrated i-
STRONGER into routine care as the new standard of care. The second stage of data collection 
occurred from mid-April, 2018, until September, 2018. For the primary analysis, we included 284 
patients in the study (N=185 Usual Care and N=99 i-STRONGER). Therapists identified patients 
as appropriate for i-STRONGER within 72 hours of admission. Exclusion criteria in the primary 
analysis included contraindications to high-intensity exercise,14 weight-bearing precautions, 
inability to stand independently prior to hospitalization, or neurological diagnosis (e.g., Cerebral 
Vascular Accident or Multiple Sclerosis). Patients in the Usual Care cohort also met i-
STRONGER criteria for eligibility, even though they did not receive the treatment. We collected 
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demographic and clinical data from the Minimum Data Set,15 nursing electronic medical records 
(EMR), and rehabilitation EMR.  
Preliminary qualitative analysis on therapist implementation of i-STRONGER indicated 
that while therapists were identifying patients admitted to the SNF following surgical procedures 
as eligible for i-STRONGER, this population posed significant challenges for actual 
implementation and application of i-STRONGER. Thus, for a secondary analysis of 
effectiveness, we used the same exclusion criteria as the primary analysis but excluded patients 
who had a surgical procedure (elective or non-elective) as their primary admitting diagnosis to 
the SNF. Thus, for the secondary analysis, we collected data on 204 patients (N=137 Usual 
Care and N=67 i-STRONGER). 
Therapists participated in an online training that lasted approximately 2 hours and 
received continuing education credits necessary to maintain state licensure. Following the web-
based training, research personnel (2 PTs) provided one-on-one mentorship with therapists 
during patient treatment sessions and facilitated 2 large group problem-solving sessions. i-
STRONGER is based is on physiological principles, clinical literature, and preliminary data 
demonstrating significant improvement in physical function in older adults after hospitalization.13 
Additionally, i-STRONGER is modeled after multi-component intervention programs that are 
effective in reducing disability in community-dwelling older adults.16-19 To target common deficits 
seen in older adults after hospitalization--including muscle weakness, poor physical function, 
and impaired ADLs--i-STRONGER provides a menu of options that include resistance training, 
transfers, and neuromotor interventions (balance, gait) as outlined previously (Chapter IV). 
Therapists chose interventions from the menu tailored to a patient’s current level of function and 
needs for discharge. Successful application of all interventions relied on principles of physiologic 




Demographics and Patient Characteristics 
Demographic and clinical data collected included factors likely relevant to changes in 
physical function: age, sex, hospital length of stay (LOS) in days, SNF LOS in days, total 
therapy minutes, pain as it impacts daily activities, pain as it impacts sleep, and primary 
admitting diagnosis.20 The Functional Comorbidity Index (FCI) was calculated from MDS data 
on diagnoses with methods described previously.20 The FCI counts the number of diagnoses 
that are associated with physical function.21 The Brief Interview of Mental Status (BIMS) 
consists of 7 questions pertaining to recall, temporal orientation, and attention.22 The BIMS 
stratifies patients into three levels of cognitive status: 0-7 points indicates severe cognitive 
impairment, 8-12 moderate cognitive impairment, and 13-15 suggests the patient is cognitively 
intact.22 The Braden Scale for Predicting Pressure Sore Risk screens and stratifies patients in 
terms of risk for developing pressure wounds.24 The scale is composed of 6 subscales including 
sensory perception, skin moisture, activity, mobility, nutritional status, and friction and shear.24 
The Barthel Activities of Daily Living Index (BI) assesses a patient’s ability to perform basic ADL 
tasks including bowel and bladder control, grooming, toilet use, feeding, transfers, mobility, 
dressing, stairs, and bathing.25,26 The BI was extracted from the MDS using the mapping 
technique provided by Wojtusiak et al., though modified to the MDS Version 3.0.20,27 Medicare 
priority diagnoses included joint arthroplasty, pneumonia, congestive heart failure, chronic 
obstructive pulmonary disease, hip fracture, and other. Patients admitted with Medicare priority 
diagnoses demonstrate increased risk for rehospitalization and high healthcare costs.28 
Therapists assessed patient motivation at evaluation by asking patients to rate their motivation 






 RE-AIM domain (Reach, Effectiveness, Adoption, Implementation, and Maintenance)29,30 
and corresponding measures are outlined in Table 1. For all patients admitted to the SNF, PTs 
and OTs identified patients as appropriate (Yes i-STRONGER) or not (No i-STRONGER) and 
subsequently documented the designation in the rehabilitation EMR. For research purposes, we 
included patients if they received a “Yes” i-STRONGER from OT and PT, indicating they were to 
receive i-STRONGER from both disciplines. Through discussion with the therapists, the team 
determined that putting the “Yes” or “No” i-STRONGER information in the “Precautions” section 
of the EMR was the best way for subsequent therapists or assistants to know patient eligibility 
for i-STRONGER. If an untrained therapist (e.g., pro re nata [PRN] therapist) performed the 
evaluation and did not identify i-STRONGER appropriateness, Physical Therapy Assistants 
(PTAs) and Certified Occupational Therapy Assistants (COTAs) may discuss with their 
supervising therapist and update the chart within 72 hours of evaluation. Research personnel 
performed weekly documentation audits on current patients on caseload to record the number 
and type of “Yes” and “No” i-STRONGER information documented as a percent of the total 
caseload by discipline, as well as the number of discrepancies between disciplines. 
Discrepancies were checked by research personal (2 PTs) to ensure patient safety. Research 
personnel also tracked therapy session refusals for patients who were eligible for i-STRONGER, 
although reasons for refusal were not well documented.  
Effectiveness 
PTs or PTAs administered the Short Physical Performance Battery (SPPB) at evaluation 
and discharge. The SPPB is a well-accepted measure of lower extremity function and is parsed 
into three sections: static balance assessment, gait speed, and a timed 5-time sit-to-stand.31,32 
Each section is scored on an ordinal scale from 0-4 scale ranging from 0 to 12, where a higher 
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score indicates greater function.31,32 SPPB scores are strong predictors of disability, 
institutionalization, and morbidity in older adults.31-33 Additionally the SPPB demonstrates good 
sensitivity to change.34 The SPPB is reliable based on intra class correlation coefficients (ICC) 
>1.0 across 10 raters in the SNF (PT & PTA) and two research team members. Gait speed also 
independently predicts risk for disability, higher health care utilization, and increased mortality.35 
Gait speed was measured by the time it took a patient to walk a 4-meter path. Employees in the 
SNF Guest Services Department administered a patient satisfaction survey to a representative 
sample of patients at SNF discharge. The patient satisfaction survey is tailored to assess the 
patent’s overall experience during physical and occupational therapy (Chapter IV). The survey 
has 9 questions with each question scored on a 1-10 scale (1=not at all and 10=extremely). The 
first 7 questions asked whether a patient was satisfied with various aspects of therapy. The final 
2 questions asked how much muscle soreness impacted ability to complete daily activities and 
participate in therapy. We extracted rehospitalizations (MDS A2100), falls within the SNF stay 
(J1900), and community discharge (MDS A2100) from the MDS.36 Community discharge is 
defined as returning to home, independent living, or assisted living facility.  
Adoption 
 The research team approached several SNFs and recorded refusals for participation in 
the study. For the participating SNF in this study, adoption of i-STRONGER occurred at the 
facility-level from administrators and, thus, staff were technically required to adopt the program. 
However, to better evaluate the degrees of adoption amongst therapy team members, the 
research team conducted a qualitative study using 2 focus groups of therapists (mixed methods 
manuscript in preparation).  
Implementation 
For implementation evaluation, the research team assessed the core elements of i-
STRONGER for fidelity: the number of patients identified as appropriate or not, the number of 
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rehabilitation therapists trained to deliver the intervention, observation of 2-3 treatment sessions 
per therapist with an objective treatment fidelity checklist, and documentation audits. We also 
documented the number of rehabilitation therapists trained over time including changes staff 
turnover and new-staff trainings. Research personnel conducted bi-weekly documentation 
audits during the first few months of i-STRONGER and then monthly (total of 6). Audits occurred 
for all trained therapists across at least 20 i-STRONGER treatment sessions per therapist within 
a weekly period (minimum of ~60% of total treatments per therapists that week). We did not 
audit documentation of progress notes, evaluation, discharge, and group therapy as 
implementation of i-STRONGER was not possible during these sessions due to the need to 
assess, re-evaluate, administer functional measures, or conduct sessions with multiple patients. 
To promote patient safety and continuity of care, key elements of documentation included 
identification of patients as “Yes” or “No” i-STRONGER, indication of whether i-STRONGER 
was completed for < or > 50% of session, interventions performed to failure, and progression for 
next session. The research team assessed treatment fidelity using an objective checklist that 
included appropriate identification of the patient, vitals monitoring, patient education on muscle 
soreness, performance of lower extremity strengthening and transfers to failure, and 
progression of exercises for the next session. Failure during a therapy intervention is defined as 
the inability to complete the final repetition without assistance or significant compensation.14 The 
goal is to initially target a 60% of 1 repetition max (RM) for the first 2-3 sessions and then 
progress to a 80% of a RM for the remaining SNF stay.14 Two members of the research team 
observed 2-3 therapy sessions per therapy assistant (PTA & COTA).  PTs and OTs did not 
participate in treatment fidelity as they provide treatments less than ~33% of their time per 
week, whereas PTAs and COTAs spend 100% of their time on treatment sessions per week.  
In addition to the fidelity of the core elements, we gathered additional measures of 
implementation. Therapists completed a 10-question (strongly agree, agree, disagree, strongly 
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disagree) user-perception survey on the web-based training delivery, adapted from Isaacs et 
al.37 Higher scores indicate greater satisfaction on a scale from 0 to 30. Immediately following 
the online training and at the end of the study, all trained therapists completed a competency 
test on high-intensity principles and a self-efficacy questionnaire regarding their ability to 
administer high-intensity rehabilitation. The competency test consisted of 14 multiple-choice 
questions that included patient scenarios. The self-efficacy questionnaire contained 10 
questions on 5-point scale (1=no confidence and 5=total confidence), adapted from Resnick et 
al.38 We tracked therapist productivity, measured as the total treatment time over the total time 
in the facility per day, as an average across therapists and assistants per month during Usual 
Care and i-STRONGER. In addition, we recorded therapist time spent on training and other 
research-related activities (e.g., meetings, focus groups, and problem-solving sessions) and 
research personnel time (e.g., mentoring, conducting meetings).  
Maintenance 
At the end of the data collection period, the research team met with the therapy team 
and administrators to discuss the elements of i-STRONGER that were expected to be 
maintained as the SNF’s standard of care including identifying appropriate patients, 
documenting progression, and continued application of high-intensity principles (8RM) for all 
possible therapy interventions. Three months after the completion of primary data collection, we 
collected quantitative data on the fidelity of the i-STRONGER core elements: identification of 
eligible patients, number of therapists currently trained, treatment fidelity of i-STRONGER on a 
subset of therapists (5 PTAs, 2 COTAs across 8 sessions), and documentation audits on all 
trained therapist assistants (5 COTAs, 6 PTAs). We also collected qualitative data via focus 





We calculated descriptive statistics on demographic variables, clinical measures, and 
physical function using parametric or non-parametric comparisons to define differences between 
i-STRONGER and Usual Care. Independent sample t-tests compared patient satisfaction, falls, 
rehospitalizations, community discharges, and productivity between Usual Care and i-
STRONGER. Paired t-tests explored differences between therapist surveys pre- and post i-
STRONGER. For the primary analysis, statistical inference regarding the difference between 
treatment groups was based on the estimated coefficient for a treatment group indicator (Usual 
Care or i-STRONGER) in a final linear regression model. Patients readmitted to the hospital, 
and consequently had missing discharge SPPB scores, were assumed to have an SPPB 
change of zero. The response variable was the change in SPPB from therapy evaluation to 
discharge. We included potential confounders in the final model if 1) the variable was 
statistically different between groups, 2) has been shown to impact physical function in older 
adults, and 3) demonstrates a coefficient change>10% in group when entered separately into 
the base model. The same approach analyzed change in gait speed. In the secondary analysis, 
we used the same statistical analyses to evaluate the change in SPPB and gait speed in the 
non-surgical patient population. All analyses were run in SAS 9.4, SAS Inc., Cary, NC. A two-
sided p-value of 0.05 was designated for statistical significance in the final models. 
Results 
Demographic and Patient Characteristics 
Patient characteristics for the primary analysis are presented in Table 2a. Across Usual 
Care and i-STRONGER, patients were similar in demographics-- including age, proportion of 
females, and race—and clinical variables-- cognitive status (BIMS), skin integrity risk (Braden), 
and ability to complete activities of daily living (Barthel ADL). Patients were generally near their 
8th decade of life with a majority being white females.  Upon admission to the SNF, patients 
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were cognitively intact with minimal risk for pressure sores, and low levels of ability to complete 
ADLs. At admission to the SNF, ~1/3 of the population experienced pain that impacted sleep 
and activity, though these baseline levels did not vary between groups (p=0.47 and p=0.27 
respectively). Patients in Usual Care had slightly greater FCI score (difference=0.4, P=0.02), 
though actual whole numbers across both groups was similar to having ~2 comorbidities in the 
index, suggesting both groups were similar in medical complexity. The similarity in medical 
complexity is also exemplified in the lack of differences in the proportion of Medicare priority 
diagnoses (p=0.28) and hospital LOS (p=0.95). Similar SNF LOS and total therapy minutes 
existed between groups (p=0.53 and p=0.96 respectively), indicating patients received similar 
amounts of therapy. However, patients in i-STRONGER received approximately 14% greater 
proportion of group therapy sessions (2-4 patients with one therapist) compared to Usual Care 
(p<0.01). Patient motivation (0=10 scale with 10 being greater motivation) was significantly 
different between groups in that i-STRONGER demonstrated a 0.8 increase in motivation 
compared to Usual Care (p<0.01), though whether this is a clinically meaningful difference is 
unknown. 
Patient characteristics for the secondary analysis are presented in Table 2b. The only 
statistically significant differences between Usual Care and i-STRONGER existed in the FCI, 
proportion of group therapy sessions, and patient motivation. On average, the Usual Care group 
exhibited a higher FCI of 2.3 compared to 1.8 in i-STRONGER (P=0.02). As observed in the 
primary analysis, the proportion of group therapy sessions increased dramatically in i-
STRONGER with an average difference between groups of 10% (P<0.0001). Patient motivation 
was also higher in i-STRONGER at an average of 9.1 compared to 8.3 in Usual Care (P=0.02).   
Reach 
The results of “Reach” in the RE-AIM framework are presented in Table 3. A total of 536 
patients had at least one SPPB score at evaluation or discharge during the study. During i-
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STRONGER, 336 patients were evaluated using the SPPB assessment. We identified 101 who 
received i-STRONGER by OT and PT and had complete SPPB scoring for evaluation and 
discharge. Of the patients who did not receive the complete intervention by both PT and OT, 
76% (178) had a discrepancy between Yes or No i-STRONGER between the disciplines or had 
no identification on one discipline. Based on exclusion criteria established by researchers, the 
remaining 24% of patients were excluded for the following reasons: 14% (32) due to conditions 
that were contraindicated for high-intensity training or acute diagnosis of neurological condition, 
8% (18) due to weight-bearing restrictions, and 3% (7) were non-ambulatory prior to hospital 
admission. A majority of patients did not refuse any therapy sessions (73%) during their stay 
with 13% refusing once and 14% with greater than 2 refusals. 
Effectiveness 
 Physical function results and clinical outcomes as part of the “Effectiveness” evaluation 
in the primary analysis are presented by group in Table 4a and 4b respectively. SPPB score at 
discharge was significantly lower in i-STRONGER by an average of 0.7 points (p=0.02). The 
unadjusted model for SPPB change was not significant between groups (P=0.40). The final 
adjusted regression model for SPPB change controlled for age, sex, SNF LOS, total therapy 
minutes, study group, evaluation SPBP score, with patient motivation as a confounder (Table 
4c). The adjusted SPPB change was 0.95 points less in i-STRONGER compared to Usual Care 
(β=-0.95; P<0.01, adjusted R2=0.14). Significant covariates in the model included age (β=-0.04, 
P<0.01), SPPB score at evaluation (β=-0.26, P<0.01), proportion of group therapy (β=0.03, 
P<0.01), and patient motivation (β=0.24, P<0.01). Gait speed at discharge were significantly 
lower in i-STRONGER by 0.23 m/s (P<0.01). The unadjusted model for gait speed change was 
not significant between groups (P=0.08). The final adjusted regression model for gait change 
contained the same variables as in the SPPB model (Table 4c), without patient motivation as a 
confounder. The adjusted gait speed change was 0.12 m/s less in i-STRONGER compared to 
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Usual Care (β=-0.12; P<0.01; adjusted R2=0.08). Significant covariates in the model included 
gait speed at evaluation (β=-0.29, P<0.01) and SNF LOS (β=-0.01, P=0.02).  
Other measures of effectiveness are included in Table 4c. Patient satisfaction survey 
scores were not significantly different between groups (P=0.87). A greater proportion of patients 
in i-STRONGER experienced a fall (P=0.04). However, the SNF did not provide detailed 
information on the falls that may better elucidate the cause and contributing factors. Discharge 
rates to the community and readmissions to the hospital did not differ between groups (P=0.72), 
with a greater than 90% of patients discharging to the community.  
Clinical outcomes and physical function results as part of the “Effectiveness” evaluation 
in the secondary analysis are presented by group in Table 2b, Table 5a, and Table 5b 
respectively. Comparable rates of falls in the SNF and community discharges existed between 
Usual Care and i-STRONGER groups in the non-surgical patient population (P=0.06 and 
P=0.19 respectively), with over 89% of patients discharging to the community following SNF 
discharge. The unadjusted and adjusted SPPB change was not different between groups (β=-
0.08, P=0.80, adjusted R2=-0.005; β=-0.64, P=0.07, adjusted R2=0.07). The unadjusted and 
adjusted gait speed change was not different between groups (β=-0.05, P=0.30, adjusted 
R2=0.0007; β=-0.08, P=0.08, adjusted R2=0.06). 
Adoption 
Our research team approached 7 SNF sites to participate in the study and engage in a 
partnership. Three SNFs agreed to collaborate in the implementation and refinement of the 
program. Two sites participated in precursor, smaller scale studies to refine i-STRONGER for 
this larger implementation roll-out. Participation in the study occurred at the facility-level, so 
technically all staff were required to adopt i-STRONGER, however, rehabilitation staff had 
varying degrees of success with adoption. Qualitative data collection and analysis was 
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performed to elucidate the degree to which staff adopted i-STRONGER (mixed methods 
manuscript in preparation).  
Implementation 
The core elements of i-STRONGER included: identification of appropriate patients (i.e., 
REACH), the number of therapists trained to deliver the intervention, treatment fidelity, and 
documentation audits on quality of intervention and are presented in Table 6a.  Identification of 
appropriate patients is a measure calculated in REACH (Table 3). Twenty therapists (10 PT and 
10 OT) completed the web-based training module and subsequent in-person training as well as 
mentoring sessions. Treatment fidelity was assessed on 6 PTAs (13 sessions) and 7 COTAs 
(14 sessions). During observed treatment sessions, the mean of the average treatment fidelity 
across PTAs was 100% and 83% for COTAs. The potential difference in uptake is further 
demonstrated in the documentation audits of key i-STRONGER principles. The highest 
adherence to i-STRONGER documentation was in the identification of Yes or No i-STRONGER 
across patients in both disciplines (78%). Quantification of i-STRONGER within session (<>50% 
of time spent on i-STRONGER) occurred in less than a third of PT documentation (27%) and 
even less in OT documentation (12%). The documentation of “failure” for PT was considerably 
less in the transfer (12%) compared to strengthening section (27%), with the same pattern 
noted for documentation of progression for transfers (7%) compared to strengthening (16%). 
The documentation of “failure” for OT was minimal in both the ADL (5%) and transfer sections 
(4%), with even less documentation of progression for ADLS (3%) and transfers (2%). 
Therapist survey and productivity data is presented in Table 6b. Therapist satisfaction 
with online training was moderate with 85% of responses being “agree.” Competency exam 
scores remained unchanged with i-STRONGER training (p=0.10) with the % correct between 
60-70% out of 100%. Confidence in therapist ability to implement high-intensity interventions, as 
measured by the self-efficacy questionnaire, significantly increased during i-STRONGER 
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(p=0.01). Productivity for assistants (PTA & COTA) was 4.3% higher in i-STRONGER (p=0.01) 
and closer to the 87% productivity expected for assistants at this facility. Productivity for 
therapists remain unchanged between groups for therapists (PT & OT) at an average 61-64%, 
which is below the 81.5% requirement for therapists. Each therapist spent ~5.5 hours on 
research-related activities including meetings, training, and feedback sessions. Two research 
personnel spent ~94 hours on direct therapist training and mentorship.  
Maintenance 
Maintenance data, as the final domain in RE-AIM, is presented in Table 7 by discipline. 
Three months after completion of the study, identification and documentation of i-STRONGER 
Yes or No was 0% across both PT and OT. During i-STRONGER, one PT went on medical 
leave, and one OT and one COTA resigned from their positions; thus, during the maintenance 
phase 18 out of the 20 trained therapists remained. One new OT was hired during the final 
month of data collection and trained on identification of patients only in the final month of 
primary data collection. Treatment fidelity was collected on a subset of therapists and 
demonstrated an average 86.7% fidelity with PTA and 74% with COTA, which was 13% and 9% 
lower than the average calculated during i-STRONGER, respectively. Of note, while all therapist 
assistants underwent 2-3 treatment fidelity sessions during i-STRONGER, the maintenance 
phase collection was considered voluntary due to staff pressures. Documentation carry-over 
was poor on all components of i-STRONGER documentation including: i-STRONGER 
identification, percent time i-STRONGER was delivered, indication of failure, and progression 
for next session. The only element somewhat maintained was documentation of strengthening 
interventions to failure by PTAs, which occurred in ~25% of sessions. 
Discussion 
This study evaluates the implementation of i-STRONGER, a high-intensity rehabilitation 
paradigm, that previously demonstrated effectiveness in the SNF (Chapter IV). However, 
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between i-STRONGER and Usual Care groups, effectiveness was poor in the primary analysis 
and not different between groups in the secondary analysis. The less than optimal results in 
physical function change between i-STRONGER and Usual Care, in combination with the poor 
implementation and maintenance results, suggests changes are needed to refine the 
implementation and training strategies for successful integration in the SNF context.  We still 
believe i-STRONGER is an effective intervention designed to help therapists adapt to changes 
in reimbursement models and optimize patient outcomes in a vulnerable population; however, i-
STRONGER must be implemented in its entirety to optimize and more closely replicate previous 
effectiveness results. Thus, the poor implementation and maintenance of i-STRONGER 
observed in this study may not reflect the true effectiveness of i-STRONGER, but rather the 
need for different implementation and training strategies.  
The importance of continuing this line of research is exemplified by the poor patient 
outcomes that occurred with both approaches to SNF rehabilitation. To illustrate, the average 
SPPB score at SNF discharge across patients in both groups was less than the 6-point cut-off 
that is predicative of adverse events including falls and future disability (Figure 1). The same 
pattern was observed with gait speed change across both groups in that the average patient 
exceeded meaningful clinical improvement of 0.1 m/s by almost 2-fold, while still exhibiting 
discharge scores that are well below the desired cut-off of 1.0 m/s for community living (Figure 
2).31-33 Gait speeds less than 0.65 m/s are predicative of disability, higher health care utilization, 
and increased mortality.35,48  The SPPB and gait speed results at SNF discharge are especially 
concerning when considering greater than 90% of patients in both groups discharged to the 
community at levels predicative of adverse events. These results indicate both the need to 
change SNF rehabilitation practices to optimize outcomes over the course of the SNF stay and 
the strong need for further rehabilitation, and potentially other services, at SNF discharge.  
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Applying appropriate intensity to rehabilitation interventions is a priority of the Physical 
Therapy Profession12 and has been shown to improve outcomes in the SNF population (Chapter 
IV), yet in this study significant implementation gaps existed. First, while this study prepares for 
future reimbursement models and changes to practice, the timing may not have aligned yet with 
organizational priorities and the capacity of providers to implement. During the pre-
implementation phase, the research team spent time with the Rehabilitation Director at the 
current facility and meeting with the members of the therapy team to get feedback on the high-
intensity intervention to optimize prior to full-scale implementation. However, the facility was in 
transition from the old to new models of reimbursement, which dramatically impacted the 
context and subsequently the implementation and maintenance of i-STRONGER.  As a result, 
at the time our implementation study began, the focus on functional outcomes was not the 
highest priority, especially with pressures to be productive and maximize LOS for 
reimbursement.51 Timing became especially important when—unrelated to but during the roll-
out of i-STRONGER-- the facility mandated increased use of group therapy to maximize 
productivity and reimbursement. The increased use of group therapy drastically altered the 
delivery of care and, consequently, adjusting for the proportion of group therapy sessions in the 
statistical analysis may not have captured the true impact of group therapy sessions on i-
STRONGER implementation and results. The impact of group therapy on SNF rehabilitation 
outcomes, regardless of treatment approaches, is largely unknown and will be explored further. 
Second, another challenge to implementation was the substantial size of the therapy 
team. With a large team of 20 therapists and only 2 research personal, inherently fewer 
opportunities existed for one-on-one mentoring and oversight. It is also possible that the larger 
the group, the more diverse the attitudes and beliefs regarding innovation and change in 
practice. Qualitative research exploring perceptions and experiences of other healthcare 
providers shows that staff resistance to implementation and maintenance is associated with 
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organizational pressures (e.g., therapist productivity) and competing demands (e.g., therapist 
workloads and administrative requirements).52 A separate paper qualitatively explores therapist 
perceptions of implementation and maintenance, as well as presents quantitative data on 
therapist attitudes towards evidence-based practice (mixed methods manuscript in 
preparation).53  
Quantitative results give insight into implementation and maintenance challenges for 
future refinement of i-STRONGER training and strategies for scalability. First, a major reason 
the research team excluded ~70% patients admitted to the SNF during i-STRONGER was due 
to the discrepancy between OT and PT designation for Yes or No i-STRONGER. The significant 
loss in patient identification may indicate a lack of understanding or communication between 
disciplines regarding patient appropriateness. Additionally, research personnel identified 
patients as appropriate for i-STRONGER during Usual Care, based on EMR chart review and 
diagnoses. During i-STRONGER, therapists made the clinical decision to include a patient that 
may have been influenced by factors other than diagnoses including pain levels, patient 
motivation, cognition, or level of function (explored in mixed methods manuscript in preparation). 
As a result, patients included in the Usual Care dataset by research personnel might not have 
been selected for i-STRONGER by the therapists. Also, preliminary qualitative analysis 
indicated therapists were identifying patients with surgical procedures as appropriate at 
evaluation but had significant challenges in implementing i-STRONGER during subsequent 
treatment sessions, citing difficulty managing pain and adhering to surgical precautions. This 
implementation gap specific to a patient population prompted us to perform a secondary data 
analysis on patients who did not have a surgical procedure prior to SNF admission. Results 
showed that change in physical function was not statistically different between groups, 
suggesting the addition of the surgical patient population (i.e., primary analysis) appeared to 
further reduce the effectiveness of i-STRONGER. Again, more research is needed to truly 
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identify responders and non-responders; however, this can only be accurately assessed if 
implementation of i-STRONGER is robust. Second, while therapists indicated the 2-hour, web-
based module was sufficient training on i-STRONGER, competency tests averaged 60-70% and 
remained unchanged from scores taken prior to the training. The mediocre scores and lack of 
difference pre- and post-training may indicate questions did not reflect understanding of i-
STRONGER or the training was not enough to improve scores.  Third, therapists demonstrated 
high treatment fidelity during observed treatment sessions but may not have translated to 
unobserved sessions. COTAs exhibited lower adherence to treatment fidelity than PTAs, 
suggesting a different understanding or engagement in i-STRONGER between disciplines.  
Fourth, documentation compliance across both disciplines was scant and consequently a poor 
indicator of the treatment fidelity that occurred outside of observed sessions. Documentation of 
appropriateness, ability to achieve failure, details on the intervention challenge, and plan for the 
next therapy session is considered a core element of i-STRONGER as it is designed to promote 
continuity of care and objectively progress the patient at each therapy session. Finally, from a 
quantitative standpoint, the maintenance of i-STRONGER was poor, though we explored 
qualitatively what elements therapists adapted and sustained that may not have been reflected 
in objective measures such as documentation and identification of patients (mixed methods 
manuscript in preparation).  
While the implementation and maintenance of i-STRONGER was less than optimal, 
productivity and minimal therapist time are considered positive outcomes of the study. Therapist 
productivity remained unchanged or improved in i-STRONGER, suggesting the implementation 
did not take extra time. However, there is a question of the degree to which implementation 
occurred and whether productivity or other aspects of clinical care (e.g., point of care 
documentation) were considered more important than i-STRONGER implementation (explored 
in mixed methods paper in preparation).  Cost of time for therapists was relatively low with ~5.5 
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hours on research activities over 7 months. Therapists received free continuing education 
credits for the training that goes towards state-regulated requirements for licensure.  
There are a few limitations to this study that must be considered. First, the use of a 
single, for-profit SNF may make the results less generalizable. However, we chose a SNF that 
is part of a larger corporation with sites across the United States, suggesting all sites have a 
similar culture for large-scale implementation efforts.  Second, response to high-intensity may 
not have been captured in the time frame data was collected (at SNF discharge). In a similar 
study administering high-intensity rehabilitation in a home health population, improved functional 
gains and subsequent divergence between high intensity and usual care groups was observed 
30 days after the completion of physical therapy.13 Third, the study was not powered to detect 
responders and non-responders, which is an important question to address as changing 
reimbursement models require efficient resource allocation to be cost-effective.  Additionally, 
having information that stratifies patients and defines populations responsive to high-intensity 
rehabilitation can help SNF therapist select the correct rehabilitation approach and interventions 
to optimize patient outcomes. Finally, the low R2 values observed in the regression models 
suggests the data are missing important factors that are driving functional recovery.  
Lessons Learned 
The current study provides essential information on how to further refine distance-
training educational efforts and develop effective strategies to fully implement i-STRONGER in 
the SNF context.  First, the results from the previous effectiveness study (Chapter IV) and this 
study indicate the facilitator role is key. For both studies, research personnel served as the 
external facilitator(s), which appeared effective in implementing i-STRONGER with a smaller 
team. However, with a larger therapy team the use of multiple clinical champions in addition to 
both internal and external facilitators may be more impactful on i-STRONGER implementation, 
as a larger facilitating team can offer more on-site mentorship and oversight. In particular, the 
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clinical champions and internal facilitators may be viewed as “one of us” from the therapy team’s 
perspective and, thus, more likely to generate widespread engagement and change. Second, 
organizational incentives such as mandated rehabilitation competency requirements may 
facilitate better implementation of i-STRONGER to create a culture of change with a collective 
approach to practice.52 Such incentives may include integration of i-STRONGER into new-staff 
orientation and annual staff reviews. Third, seeking stakeholder input throughout the 
implementation phase (e.g., template for weekly communication between stakeholders and 
facilitators, regular pulse checks) may better identify therapists who are struggling with 
implementation and allow facilitators to intervene early with follow-up training as needed. This 
may become especially important as we observed in the qualitative (mixed methods in 
preparation) and quantitative data that PTs/PTAs have a different perspective and 
understanding of i-STRONGER compared to OTs/COTAs. While the two disciplines are similar, 
treatment approaches and educational backgrounds do differ; thus, it’s reasonable the 
respective disciplines may require a different approach to training and implementation. We are 
hopeful the combination of these implementation strategies will elicit more effective 
implementation and maintenance of i-STRONGER.  
Conclusion 
We strongly believe the closer to the eradication of the fee –for-service model to pay-for 
performance, the more incentivized SNFs will be to investigate rehabilitation approaches—such 
as i-STRONGER-- that lead to the best outcomes. Physical function—applied at a meaningful 
physiologic intensity-- is an important modifiable predictor32,33,54-58 of SNF population outcomes 
such as community discharge,59  functional recovery,1,3  healthcare utilization,59 and 
rehospitalization rates,60-62 all of which are outcomes emphasized in post-acute care policy 
reform. The results of this implementation study suggest further work is necessary to optimize 
strategies for implementation of high-intensity rehabilitation in SNFs to the replicate results of 
74 
 
the effectiveness study. Factors potentially contributing to the effectiveness results include: 
minimal reach; poor documentation of i-STRONGER that lead to concerns about treatment 
fidelity; and the potentially unfortunate timing of the study during a transitional period in the 
SNF. The SNF context is rapidly changing with current and forthcoming post-acute care policy 
changes, which give SNF rehabilitation therapists the opportunity to change current practices to 
adapt to system changes (e.g., reduced therapy minutes and shorter SNF LOS) and, 

























 Usual Care i-STRONGER  
Variable 
Mean ±SD (N) and Median 
(Range) 
or Frequency (N) 
Mean ±SD (N) and  
Median (Range) 
or Frequency (N) 
t-test P-Value 
Age 81.2 ±10.8 (185) 
83.6 (52.2-102.2) 
79.7 ±10.4 (99) 
80.7 (46.3-99.7) 
P=0.27 
Sex  31.9% Male (59) 
68.1% Female (126) 
39.4% Male (39) 
60.6% Female (60) 
P=0.21† 
Race Asian: 2% (3) 
Black or African American: 
1% (2) 
Hispanic or Latino: 4% (6) 
White: 93% (154) 
Asian: 0% (0) 
Black or African American:  3% 
(3) 
Hispanic or Latino: 5% (5) 
White: 92% (89) 
P=0.36† 
BIMS  13.1 ±2.0 (182) 
13.0 (5.0-15.0) 
13.4 ±1.8 (99) 
14.0 (6.0-15.0) 
P=0.28ρ 
BIMS Categoriesa Intact: 71.9% (133) 
Moderately Impaired: 
23.2% (43) 
Severely Impaired: 4.9% (9) 
Intact: 77.8% (77) 
Moderately Impaired: 19.2% 
(19) 




2.2 ±1.3 (133) 
2.0 (0.0-5.0) 
 





Yes: 37.8% (71) 
No: 62.2% (115) 
Yes: 44.4% (44) 
No: 55.6% (55) 
P=0.28† 
Hospital LOS 4.1 ±4.3 (183) 
3.0 (0.0-29.0) 
4.3 ±5.2 (99) 
3.0 (0.0-42.0) 
P=0.95ρ 
SNF LOS 16.8 ±8.9 (185) 
15.0 (1.0-66.0) 
16.8 ±10.1 (97) 
14.0 (4.0-57.0) 
P=0.53ρ 
Total Therapy Minutes 1277.3 ±729.8 (185) 
1114.0 (189.0-5992.0) 
1266.5 ±664.1 (99) 
1191.00 (354.0-4603.0) 
P=0.96ρ 
Proportion of therapy 






Braden Risk Scale 19.0 ±2.2 (185) 
19.0 (10-0-23.0) 
19.4 ±2.0 (95) 
20.0 (14.0-23.0) 
P=0.13 
Barthel ADL Index 41.2 ±8.2 (120) 
40.0 (23.0-63.0) 
42.1 ±9.4 (59) 
40.0 (27.0-68.0) 
P=0.47† 
Pain Impacts Activity Yes: 40.2 % (41) 
No: 59.8% (61) 
Yes: 34.5% (20) 
No: 65.5% (38) 
P=0.47† 
Pain Impacts Sleep Yes: 26.7% (27) 
No: 73.3% (74) 
Yes: 19.0% (11) 




8.5 ±2.4 (175) 
10.0 (0.0-10.0) 





aBIMS categories of cognitive impairment: 0-7 points indicates severe cognitive impairment, 8-12 moderate cognitive 
impairment, and 13-15 indicates cognition is intact.22  
bMedicare priority diagnoses include: joint arthroplasty, pneumonia, heart failure, chronic obstructive pulmonary 
disease, and hip fracture.28  
*Statistically significant at p<0.05 
†Chi-square test 










 Usual Care i-STRONGER  
Variable 
Mean ±SD (N) and Median 
(Range) 
or Frequency (N) 
Mean ±SD (N) and  
Median (Range) 
or Frequency (N) 
t-test P-Value 
Age 81.6±10.4 (137) 
84.7 (52.2-101.2) 
78.8 ±10.9 (67) 
80.5 (46.3-99.7) 
0.08 
Sex  Male: 35.0% (48) 
Female: 65.0% (89) 
Male: 47.8% (32) 
Female: 52.2% (35) 
0.08† 
Race Asian: 2.4% (3) 
Black or African American: 
1.6% (2) 
Hispanic or Latino: 3.3% (4) 
White: 92.7% (114) 
 
Asian: 0% (0) 
Black or African American: 
4.6% (3) 
Hispanic or Latino: 3.1% (2) 
White: 92.3% (60) 
0.39† 
BIMS  13.1 ±1.9 (134) 
13.0 (5.0-15.0) 
13.4 ±1.5 (67) 
13.0 (6.0-15.0) 
0.54ρ 
BIMS Categoriesa Intact: 70.8% (97) 
Moderately Impaired: 24.1% 
(33) 
Severely Impaired: 5.1% (7) 
Intact: 79.1% (53) 
Moderately Impaired: 19.4% 
(13) 




2.3 ±1.3 (101) 
2.0 (0.0-5.0) 





Yes: 26.3% (36) 
No: 73.7% (101) 
Yes: 26.9% (18) 
No: 73.1% (49) 
0.93† 
Hospital LOS 4.3 ±4.4 (136) 
3.0 (0.0-29.0) 
4.0 ±3.8 (67) 
3.0 (0.0-21.0) 
0.65ρ 
SNF LOS 18.6 ±11.2 (33) 
15.2 (4.0-66.0) 





1238.0 ±624.5 (137) 
1117.0 (189.0-3695.0) 




therapy sessions in 
groups 
10.2 ±10% (137) 
7.7 (0.0-43.8) 
 
24.2 ±15.7% (67) 
25.0 (0.0-77.8) 
<0.0001ρ 
Braden Risk Scale 19.0 ±2.3 (137) 
19.0 (10.0-23.0) 




Barthel ADL Index 41.1 ±7.9 (88) 
40.0 (23.0-63.0) 





Yes: 35.6% (26) 
No: 64.4% (47) 
Yes: 36.1% (13) 
No: 63.9% (13) 
0.96† 
Pain Impacts Sleep Yes: 26.4% (19) 
No: 73.6% (53) 
Yes: 22.2% (8) 




8.3 ±2.6 (128) 
10.0 (0.0-10.0) 





Table 2b continued. 
 
 Usual Care i-STRONGER  
Variable 
Mean ±SD (N) and 
Median (Range) 
or Frequency (N) 
Mean ±SD (N) and  
Median (Range) 
or Frequency (N) 
t-test P-Value 
Fall in the SNF Yes: 2.2% (3) 
No: 97.8% (134) 
Yes: 7.6% (5) 
No: 92.4% (61) 
0.06† 
Discharge Location Community: 89.1% (122) 
Another nursing home: 
0.7% (1) 
Hospital: 10.2% (14) 
Community: 92.4% (61) 
Another nursing home: 
3.0% (2) 




aBIMS categories of cognitive impairment: 0-7 points indicates severe cognitive impairment, 8-12 moderate cognitive 
impairment, and 13-15 indicates cognition is intact.22  
bMedicare priority diagnoses include: joint arthroplasty, pneumonia, heart failure, chronic obstructive pulmonary 
disease, and hip fracture.28  
*Statistically significant at p<0.05 
†Chi-square test 









Measure Results, N or % 
# of total patients evaluated with SPPB during i-
STRONGER stage 
336 
# of patients of total patients evaluated with SPPB 
during i-STRONGER stage with “Yes” i-
STRONGER identification from PT and OT 
101 (30%) 
# of patients of total patients evaluated with SPPB 
during i-STRONGER stage with “No” i-
STRONGER identification from either PT or OT  
235 (70%) 
# of patients with discrepancies in “Yes” or “No” 
identification for i-STRONGER between PT and 
OT 
178 (76%) 
Average % of patients identified as “Yes” or “No” 
for i-STRONGER across PT and OT per week 
78% 
# of patient refusals for therapy of those eligible 
for i-STRONGER 
Zero refusals: 73% 
One refusal: 13% 
Greater than two refusals: 14% 
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Table 4a. Physical function results as “Effectiveness” in the RE-AIM framework in the primary 
analysis. 
 
*Statistically significant at p<0.05 
  
 Usual Care i-STRONGER  
Measure 
Mean ±SD (N) and 
Median (Range) 
Mean ±SD (N) and 
Median (Range) 
t-test P-Value 
SPPB Evaluation 2.3 ±2.1 (185) 
2.0 (0.0-10.0) 
2.0 ±2.0 (99) 
1.0 (0.0-8.0) 
P=0.16 
SPPB Discharge 5.0 ±2.8 (174) 
5.0 (0.0-12.0) 
4.3 ±2.4 (95) 
4.0 (0.0-11.0) 
P=0.02* 
SPPB Change 2.5 ±2.3 (184) 
2.0 (-3.0-9.0) 
2.3 ±1.9 (97) 
2.0 (-1.0-8.0) 
P=0.40 
Gait Speed Evaluation 0.35 ±0.21 (143) 
0.30 (0.02-1.0) 
0.30 ±0.17 (68) 
0.26 (0.06-0.85) 
P=0.08 
Gait Speed Discharge 0.54 ±0.31 (159) 
0.49 (0.04-3.03) 
0.42 ±0.21 (89) 
0.40 (0.07-0.92) 
P<0.01* 
Gait Speed Change 0.23 ±0.26 (130) 
0.19 (-0.38-2.0) 





Table 4b. Regression models explaining the change across functional outcomes between 
groups in the primary analysis. 
 
Model (N) Parameter Estimate 
(SE) for Group 
P-Value Model Adjusted R2 
Unadjusted SPPB 
Change (281) 
-0.23 (0.27) P=0.40 -0.001 
Adjusted SPPB 
Changea,b (264) 
-0.95 (0.30) P<0.01* 0.14 
Unadjusted Gait Change 
(192) 
-0.06 (0.04) P=0.08 0.01 
Adjusted Gait Changea 
(186) 
-0.12 (0.04) P<0.01* 0.08 
aAdjusted models controlled for the baseline value of SPPB or gait speed, study stage, sex, age, SNF LOS, total 
therapy minutes, and the proportion of group therapy sessions.  
bThe only confounder in the final model was patient motivation. 
*Statistically different at p<0.05 
 
Table 4c. Clinical outcome results as “Effectiveness” in the RE-AIM framework. 




 Usual Care i-STRONGER  
Measure 
Mean ±SD (N) and 
Median (Range) 
or Frequency (N) 
Mean ±SD (N) 




63.2 ±8.7 (91) 
62.0 (45.0-80.0) 
62.9 ±9.5 (108) 
63.0 (29.0-83.0) 
P=0.87 
Fall during SNF stay No: 97.8% (180) 
Yes: 2.2% (4) 
No: 92.8% (91) 
Yes: 7.2% (7) 
P=0.04*† 
Discharge Location Community: 90.8% (168) 
Another SNF: 1.6% (3) 
Hospital: 7.6% (14) 
Community: 92.8% (90) 
Another SNF: 2.0% (2) 




Table 5a. Physical function results as “Effectiveness” in the RE-AIM framework in the 
secondary analysis of patients without surgical procedures prior to admission. 
 
*Statistically significant at p<0.05 
 
 
Table 5b. Regression models explaining the change across functional outcomes between 
groups in the secondary analysis of patients without surgical procedures prior to admission. 
 
Model (N) Parameter Estimate (SE) 
for Group 
P-Value Model Adjusted R2 
Unadjusted SPPB Change 
(203) 
-0.08 0.80 -0.005 
Adjusted SPPB Changea,b 
(191) 
-0.64 0.07 0.07 
Unadjusted Gait Change 
(139) 
-0.05 0.30 0.0007 
Adjusted Gait Changea 
(139) 
-0.08 0.08 0.06 
 
aAdjusted models controlled for the baseline value of SPPB or gait speed, study stage, sex, age, SNF LOS, total 
therapy minutes, and the proportion of group therapy sessions.  
bThe only confounders in the final model was patient motivation. 




 Usual Care i-STRONGER  
Measure 
Mean ±SD (N) and 
Median (Range) 
or Frequency (N) 
Mean ±SD (N) and Median 
(Range) 
or Frequency (N) 
t-test P-Value 
SPPB Evaluation 2.4 ±2.1 (137) 
2.0 (0.0-10.0) 
2.2 ±2.1 (67) 
2.0 (0.0-8.0) 
0.54 
SPPB Discharge 4.9 ±2.9 (127) 
5.0 (0.0-12.0) 
4.4 ±2.6 (64) 
4.0 (0.0-11.0) 
0.26 
SPPB Change 2.3 ±2.2 (137) 
2.0 (-3.0-9.0) 
2.2 ±2.0 (66) 
2.0 (-1.0-8.0) 
0.80 
Gait Speed Evaluation 0.36 ±0.21 (106) 
0.32 (0.07-1.0) 
0.31 ±0.18 (51) 
0.29 (0.06-0.85) 
0.16 
Gait Speed Discharge 0.56 ±0.33 (113) 
0.52 (0.07-3.0) 
0.44 ±0.22 (60) 
0.44 (0.09-0.87) 
<0.01* 
Gait Speed Change 0.22 ±0.27 (93) 
0.19 (-0.27-2.0) 





Table 6a. Fidelity of the core elements of i-STRONGER for “Implementation” in the RE-AIM 
framework. 
 
Measure Result, N or Mean ±SD 
 PT OT 
# of therapist trained to deliver the 
intervention 
10 10 
Average % treatment fidelity across 
therapists 
100% ±0 83% ±17 
Documentation: average identification 
as YES or NO i-STRONGER eligible† 
82% ±21 76% ±25 
Documentation: average <>50% of i-
STRONGER delivered in a treatment 
session† 
27% ±37 12% ±17 
Documentation: average 
strengthening (PT) or ADL (OT) to 
failure indicated† 
27% ±34 5% ±8 
Documentation: average 
strengthening (PT) or ADL (OT) 
progression indicated† 
16% ±29 3% ±7 
Documentation: average transfers to 
failure indicated† 
12% ±19 4% ±8 
Documentation: average transfers 
progression indicated† 
7% ±17 2% ±8 
†Mean of the average across therapists  
 
Table 6b. Results of therapist surveys and productivity for “Implementation” in the RE-AIM 
framework. 
 
Survey Usual Care ±SD (N) i-STRONGER ±SD (N) t-test P-Value 
Web-based Module User 
Assessment Score 
N/A 19.9 ±2.1 (14) N/A 
Competency Exam % Correct 70.0 ±9.7 (16) 63.8 ±15.8 (16) P=0.10 
Self-Efficacy Questionnaire 
Score 
36.5 ±7.0 (14) 41.4 ±5.1 (14) P=0.01* 
Productivity for Assistants 
(PTA & COTA) 
82.5 ±2.3% 86.8 ±0.9% P=0.01* 
Productivity for Therapists (PT 
& OT) 
63.5 ±2.5% 61.3 ±2.4 P=0.2 





Table 7. Fidelity of i-STRONGER core elements results as “Maintenance” in the RE-AIM 
framework. 
 
Measure Result, N or Mean ±SD 
 PT OT 
# of therapist trained to deliver the 
intervention still employed at the 
facility 
10 8 
Average treatment fidelity 87 ±12% 74 ±13% 
% of patients identified as “Yes” or 
“No” for i-STRONGER across PT 
and OT  
0% 0% 
Documentation: identification as YES 
or NO i-STRONGER eligible  
0% 0% 
Documentation: <>50% of i-
STRONGER delivered in a treatment 
session  
0% 0% 
Documentation: strengthening (PT) 
or ADL (OT) to failure indicated 
25% 0% 
Documentation: strengthening (PT) 
or ADL (OT) progression indicated  
0% 0% 


















*Statistically significant at p<0.05 
Figure 1. Box and whisker plot of SPPB scores at discharge across groups. Scores at or below 
the red line indicate severe disability and increased risk for adverse events (e.g., falls, 













*Statistically significant at p<0.05 
Figure 2. Box and whisker plot of gait speeds at discharge across groups. Scores at or below 
the red line indicate severe disability and increased risk for adverse events (e.g., falls, 
rehospitalization). Score at or above the blue line indicate functional levels adequate for 






The research generated from this thesis work indicates a huge gap in the generation and 
application of SNF innovation that impacts SNF population outcomes including long-term 
institutionalization and disability that extend beyond the SNF episode of care. 
Despite the challenge of the dynamic SNF environment, findings suggest that changing 
rehabilitation practices in the SNF is feasible and that high-intensity rehabilitation can target 
functional outcomes, help patients remain living in the community after SNF discharge, and 
reduce costly SNF LOS. Such research has the strong potential to improve the value of SNF 
rehabilitation by optimizing outcomes and reducing costs. 
 The first part of this dissertation identifies modifiable barriers to innovation in the SNF at 
multiple stakeholder levels and provides the academic-SNF partnership as a solution to 
mutually meet the needs of both parties. SNFs can benefit by delivering better care that drives 
down costs while improving outcomes, which differentiates them in the competitive marketplace. 
Academic researchers benefit from using a real-world setting to more rapidly translate evidence 
into practice. 
 The second part explored predictors of functional change in SNF residents to guide 
research initiatives and targets for intervention. The results indicated depressive symptoms may 
be a target for intervention that would lend to improved function. The findings also showed that 
the SNF population was largely discharged to the community yet exhibited low levels of function 
that placed individuals at increased risk for adverse events including rehospitalization, future 
disability, falls, and death. This suggests that a more targeted approach to rehabilitation is 
needed to better prepare patients for community-living after discharge from the SNF. 
 The third part showed the feasibility and effectiveness of high-intensity rehabilitation in 
the SNF by improving function, reducing LOS, and increasing rates of community discharge 
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compared to Usual Care. This study employed in-person training and extensive research 
oversight, which served our initial purpose of evaluating the feasibility and effectiveness of high-
intensity rehabilitation but was not entirely practical for nation-wide change. Thus, the fourth and 
final part evaluated the implementation of high-intensity rehabilitation using a web-based 
training approach with less research oversight in the facility. The positive results from the 
previous study were not replicated in the implementation study, though implementation was 
poor and thus results may not adequately affect the effectiveness of high-intensity rehabilitation 
in the SNF. Further research is needed to refine the training to improve implementation and 
subsequently replicate the results shown in part three. We still strongly believe that high-
intensity rehabilitation can be applied and optimize outcomes if implemented in a supportive 
culture with the correct processes, infrastructure, and engaged employees in place. 
  Taken together, these four studies demonstrate that clinical research in the SNF context 
is challenging, yet greatly needed to promote the value of SNF rehabilitation by advancing 
clinical practices. Despite the challenge of the dynamic SNF environment, it is possible to yield 
better outcomes for the vulnerable SNF population by applying high-intensity rehabilitation. 
Further work is needed to refine the training to create a culture where high-intensity 
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